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AMERICAN PUBLISHERS’ NOTE. 


WHEN the first edition of Green’s Pathology appeared it at once 
became the favorite text-book for medical students, and since that 
time it has easily maintained that position both in England and 
America. The frequent revisions that have been called for have 
enabled the author and editors to keep the book fully abreast of the 
times; and it is hoped that this ninth edition will be found more 
than ever to meet all the wants of the student of medicine. The 
English edition has been thoroughly revised by Dr. H. Montague 
Murray, who has rewritten nearly half the subject matter, rearranged 
the text, and added several new sections, as well as no less than one 
hundred and eighty new illustrations. In order to adapt the work 
still more fully to the needs of American students it has been care- 
fully edited by Dr. Walton Martin, who has supplied complete chap- 
ters on Malaria and on the Blood, and has added a chapter on the 


preparation and staining of tissues for microscopic study. 
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PREFACE. 


In preparing a new edition of this text-book, nearly half the subject- 
matter has been rewritten, and several new sections have been added. 
Many of the old illustrations have been withdrawn, and one hundred 
and eighty now appear for the first time. Of these, the large majority 
have been drawn by Mr. Collings from photographs. In this way an 
attempt has been made to secure both clearness and accuracy. Ten of 
the new illustrations have been taken from Ziegler’s Pathological 
Anatomy: for permission to copy these my thanks are due to Herr 
Gustay Fischer and Messrs. Macmillan. TI also wish to acknowledge, 
on Dr. Mott’s behalf, the courtesy of the London County Council in 
permitting the use of illustrations from their Archives of Neurology. 

Some increase in the size of the book has been found unavoidable, 
but this is almost entirely due to the greater number and larger size 
of the illustrations, and to the additional space occupied by Dr. Mott’s 
valuable chapter on the “ Pathology of the Nervous System.” 

I am indebted to many of my friends and colleagues for suggestions, 
specimens, and other items of help. Among these I should especially 
mention Mr. Stanley Boyd, Dr. Rolleston, Dr. Eyre, Dr. Pembrey, 
and Dr. Manson, as well as Dr. Hunter, who has readily placed at my 
disposal specimens from the Charing Cross Hospital Museum. To 
Dr. Bosanquet my indebtedness is greater than I can adequately 
acknowledge. He has contributed the section on the Etiology of 
Tumors, has supplied me with specimens, has assisted in the general 
revision of the work, and has prepared the Index. 


H. MONTAGUE MURRAY. 
APRIL, 1900. 
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PATHOLOGY AND MORBID ANATOMY. 


INTRODUCTION. 


Anatomy and histology investigate the naked-eye and microscopic 
structure of the healthy body ; physiology examines the functions of 
the parts revealed by them, and studies the chemical processes which 
constitute healthy life. To obtain a knowledge of disease, parallel 
courses must be adopted. At post-mortem examinations we note all 
the naked-eye departures from normal anatomy; with the microscope 
we discover the finer changes to which these departures are due; and 
by experimental methods and bedside observations we investigate the 
causes of the abnormal structure and function, their mode of action, 
and the nature and sequence of the disturbances which they produce. 
Tn other words, just as we have anatomy, histology, and physiology, so 
also we have morbid anatomy, morbid histology, and pathology. 

Our guiding principle in modern pathology is that we have to deal 
- not with new tissue-cells and functions, but simply with disturbances 
of those which normally exist. It is obvious, therefore, that for the 
purpose of studying disease our acquaintance with the body i in health 
cannot be too intimate. New forms of cell-life, both animal and vege- 
table, are frequently found within the body; but these are parasitic, 
introduced from without, and are causes, not products, of disease. 

The complex aie organism can se reduced to very simple ele- 
ments—the cells, and the intercellular substances to which they give 
origin. These two elements make up every tissue. Sometimes the 
cells are in excess, as in the epidermis, where they seem to be in 
absolute contact ; and sometimes the intercellular substance, as in the 
connective tissues. It is now universally believed that the individual 
cell is the seat of nutrition and function. 

The functions of an organ are the sum of the functions of the cells 
of which it consists; if all the cells act normally, we say that the 
organ is sound ; and when all the functions of every organ and tissue 
in the body are normally performed, we describe ‘the individual as 
being in perfect health. A very little experience, however, shows that 
physiological functions vary within rather wide limits, the perfect well- 
being of the individual being maintained. € ‘onsequently our standard 
of health is no rigid one; its maximum and minimum are widely 
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separated, and these shade off imperceptibly into disease. Modern 
research tends more and more to show that most pathological processes 
differ only quantitatively from allied physiological processes. 

~ Disease may therefore be defined as “the abnormal performance of 
function by one or more organs or tissues.” This applies to “ disease ” 
as a general term; but when we speak of an individual disease, such 
as tuberculosis, we often include in the connotation of the term the 
cause of such disease, that to which the peculiar disturbances of func- 
tion or structure, which distinguish the disease in question from all 
others, are due. 

It is worthy of note, also, that the maintenance of a physiological 
maximum or minimum must be regarded as pathological. For example, 
a man out of training will eliminate much more than the normal 
amount of urea on the first day of a walking tour, but the average 
daily elimination for the whole tour will not vary from the normal. If, 
however, the man were to go on excreting the maximum quantity of 
the first day, his state would be one of disease, for his ingesta could not 
maintain the balance of metabolism. 


Varieties of Disease.—The complete healthy life of a cell consists 
in the perfect performance of all its functions. For this, three things 
are necessary: first, that which it inherits—its structure and vital 
energy—must be normal; second, the nutriment it receives must be 
sufficient and suitable; third, its surrounding conditions—pressure, 
temperature, and connections with other tissues—must be normal. 
Failure in any one of these will lead to disease, and two great classes 
of diseased conditions are at once evident—inherited, due to abnormality 
of the first ; acquired, due to abnormality of the second and third. 

Inherited Disease.—The tendency to inherited disease either exists in 
the ovum at the commencement of development, or is acquired by the 
ovum in fertilization ; tendencies formed later are obyiously acquired. 
As in normal development certain organs manifest their inherited ten- 
dencies many years after birth—e. g., the development of the female 
generative system at puberty and its atrophy at the menopause ; so 
inherited tendencies to disease may not show themselves until late in 
life, as is the case in cancer of the breast or of the uterus. It is possible 
that in many cases the same unrecognized conditions which induced in 
a parent the morbid tendency handed down, continue to act on the 
offspring until—with or without some obvious exciting cause—the 
disease becomes evident. We cannot say when this tendency to disease 
begins : it may have been slowly gaining strength for generations. The 
fact. that no progenitor had the disease in question, if he or she lived 
well past the age at which such disease usually manifests itself, shows 
simply that the causes had not acted long enough or with sufficient 
enerey to produce it. It is important to recognize that even inherited 
disease has its starting-point in conditions external to the cells of the 
body. 

With regard to the actual mode in which disease is inherited, it is 
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in some cases probable that the poison, the actual cause of the disease, 
is present in the ovum or spermatozoon, as has been shown to be the 
case in the silkworm disease (Pasteur). But how disease and tenden- 
cies to diseases which are not due to any specific poison are handed 
down, we know no more than how it is that children inherit the features 
of their parents. 

Often, no actual disease is inherited, but the power of resistance of 
certain tissues against the causes of certain diseases (e. g., tubercle) is 
more or less impaired ; or the tissues degenerate early, especially in 
the fatty or caleareous manner, so that many members of a family may 
die at about the same age from fatty heart or from a ruptured artery 
(apoplexy). 

Acquired Disease——Diseases occurring in an organism or part pos- 
sessed of normal vital energy must necessarily be the result of external 
conditions ; the supply of nutriment is faulty either in quantity or 
quality, or the external conditions to which the part is, or has been, ex- 
posed are unsuitable. It is difficult to separate the two. If the blood- 
supply to a part is abnormal in quantity, the temperature of the part 
will be changed ; if a portion of the body is mechanically injured, its 
blood-supply becomes abnormal ; if a poison excites fever, the cells are 
exposed to a higher temperature than normal. 

Disease may be acquired during intra-uterine life—e. g., variola, 
syphilis, tuberculosis. 

General and Local Disease—Any change in external conditions 
acting upon a unicellular organism would probably affect every particle 
of its substance and modify all its functions; all its diseases would 
therefore be general. But multiplication of cells and specialization of 
functions enable abnormal conditions to act upon certain groups of cells 
and to disturb their functions without affecting—primarily, at least— 
those of other groups. We thus get local disease ; and the great ma- 
jority of diseases belong to this class. 

Structural (Organic) and Functional Disease.—A disease is referred 
to an organ or tissue during life by its symptoms and by its physical 
signs ; and, after death, the localization is justified by the discovery in 
that part of the same structural change in every case. This is structural, 
or organic, disease. Diseases in which no visible or chemical change 
has been found are sometimes classed as functional ; the belief being that 
in them the functions of certain cells are abnormally performed, without 
any structural change. Modern research has greatly diminished the 
number of so-called functional diseases ; and it is almost certain that a 
very large number of the slighter ailments are due to transient errors in 
the metabolism of the cells, so that there is at least a chemical change 
in the affected tissue. 


Etiology of Disease.—The causes of disease are divided into two 
classes—predisposing and exciting. 

Predisposing Causes.—Any agency which tends to cause departure 
from the physiological condition of a function must be regarded as pre- 
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disposing to disease—e. g., privation, and frequent irritation. Many 
such agencies, when acting more strongly, become excitants of disease 
—i. e., cause a departure beyond the physiological limit. Thus if to 
ndimally acting ciliated cells, detached from the body, a hot iron be 
approached, the first effect will be to increase or stimulate the move- 
ment of the cilia ; but if the iron be kept near them long, or be brought 
closer, the movement becomes slower and soon ceases. If the iron be 
then removed, the cilia will after.a period of quiescence begin to work 
again—at first one here and there, then all—and may after a time com- 
pletely recover their movements. This experiment of Lister’s illus- 
trates a point of fundamental importance in pathology—the inherent 
power of every cell to recover after injury. It shows for the elements 
, that, cetaris paribus, a 
strong man will recover from a disease which would be fatal toa weakly 
one. It is certain, too, that the “life” of cells resists the action of 
injurious agencies ; and that this power of resistance varies not only in 
different individuals, but also in different tisswes—e. g., the rabbit’s ear 
resists the effects of anzemia much longer than a knuckle of its intestine, 
or than the cortical cells in its cerebrum. Thus it is a common ob- 
servation that certain people, who have not suffered from an infectious 
disease, may even nurse those ill of that disease without themselves 
becoming infected ; whilst others again fall victims to it, though not 
specially exposed. Such power of resisting certain causes of disease 
does not imply ability to resist others of a different nature ; nor does it 
necessarily go with muscular strength. It varies at different times in 
the same individual. 

The following, among others, may act as predisposing causes : 

Age.—The special liabilities of childhood are to some extent ex- 
plained by supposing that the power of resisting injury, which all cells 
possess, is not fully developed until adult age ; ond those of o/d a Ue) by 
the fact that the vital powers are wearing out tand degeneration occurring. 

Sex.—The organs peculiar to the sexes render each liable to special 
diseases. Women are also the special victims of hysteria and chlorosis. 
We cannot explain the greater lability of women to endemic and ex- 
ophthalmic goitre and to myxcedema, nor their comparative immunity 
from Addison’s disease, locomotor ataxia, and general paralysis. 

Heredity.—It has been stated that feeble vital power, without actual 
disease, may be the heritage of the body, or of one of its parts. It 
may further be noted that, ‘like phy siological and personal peculiarities, 
disease—e. 7., 2 gvout—sometimes skips one or more generations (atavism). 
Tn other cases, as in hemophilia and pseudo- -hypertrophic muscular 
paralysis, the disease appears generally in the males only ; although 
the females may, without Penicelves manifesting it, transmit it ‘to 
their offspring. 

Among the diseases which most obviously “run in families” are : 
functional nervous disorders, such as hysteria, neuralgia, epilepsy, and 
insanity, which are more or ites interchangeable : ; carcinoma, especially 
of the breast and uterus; some simple growths, especially if multiple 
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(lipomata, osteomata, papillomata) ; gout and tubercular disease ; ret- 
initis pigmentosa and color-blindness. 

Exciting Causes—These may be arranged under the headings of 
abnormal blood-supply and abnormal external conditions; it is also 
necessary to include altered nerve-influence, although we do not as yet 
know much about it (p. 26). 

Abnormal Blood-supply.—Defects in the blsod-aup ply may be due 
to errors in the circulation or in the composition of the blood. A de- 
fective blood-supply may result from hyperemia or anemia; and from 
all abnormalities in the constitution of the blood, whether due to faults 
in its formation or purification, or to the introduction of poisons or 
parasites from without. 

Abnormal External Conditions.—This group includes injuries from 
any of the physical forces; also the results of mechanical obstacles to 
discharge of function—e. g., stricture of a duct or orifice, strangulation 
of gut, pressure, and the mechanical effects of parasites. 


Effects of Previous Disease.—Some diseases, when they have 
occurred once, tend to recur again and again. In the case of others, 
to have suffered once is to have secured practical immunity against a 
second attack. (See Immunity.) 

Certain other diseases, again, seem to modify greatly the functions 
of the body. Many years after attacks of these diseases, it is found 
that illnesses, which seem at first sight to have nothing to do with them, 
yield only to the treatment proper “for the original malady. Such are 
malarial fever, syphilis, and gout. The poisons of the first two are 
probably still latent in the body : as to gout, though its pathology is not 
yet fully made out, it is possible that all its manifestations are due to 
the deposition of biurate of sodium in the tissues concerned. 


Modes of Extension of Disease.— Primary disease of an organ or 
tissue is frequently followed by secondary disease of other parts. This 
may happen in several ways: 

1. By direct spread of a morbid process, as when inflammation 
extends from skin to subcutaneous tissue, or when cancer of the mamma 
invades the overlyi ing skin. 

2. By the carriage of the causes of disease from a primary focus to 
parts at a distance. Thus organisms may be carried by the /ymphatics, 
and give rise to inflamed lymphatic glands ; pieces of clot may be con- 
veyed by the bloodvessels, and produce embolism ; and a renal calculus 
may be transferred through the ureter to the bladder. 

3. Mechanically, by so-called “ back-telling.” Thus stricture of the 
urethra causes hypertrophy of the bladder, if the obstacle to the out- 
flow of urine can thus be overcome ; or simple dilatation of the bladder, 
if its efforts are futile. In either case the difficulty of entry of urine 
into the bladder is increased, and the ureters, pelves, and kidneys dilate. 
Interstitial nephritis reanlle from the pressure, the renal functions are 
imperfectly performed, and this is detrimental to the organism at lange. 
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The succession of changes which result from incompetence of the mitral 
valves is another familiar example of this mode of extension of disease. 
See Passive Hyperzemia.) 

4. Failure of any part to do its share of work in the economy. The 
result of such failure will depend upon the readiness and completeness 
with which its defects can be compensated. If the work can be readily 
taken over by other parts, as can that of a sweat- or sebaceous gland, 
nothing is noticed; on the other hand, extirpation of a kidney which 
was doing work is followed by a time of danger from the consequent 
interference with the excretion and internal secretion of renal products, 
as the other kidney is at first unequal to the double duty. Absolute 
failure of the cardiac or of the respiratory function will cause death, 
there being no power of compensation. 


Terminations of Disease.—The possible terminations of disease 
are recovery, or return of the part to the discharge of its normal func- 
tions ; partial recovery ; and death, or complete cessation of function. 
Certain diseases can scarcely be said to have a termination ; when once 
established they remain stationary. 


It will be useful here to give a list of the morbid processes to which 
all organs are more or less liable : 


Developmental errors. Inflammation. 

ae Regeneration. 
Results of injury. Hypertrophy. 
Displacement. fae 
Hemorrhage. Tumor-formation. 
Anemia. Lodgement of parasites. 
Hypereemia. reste 
Cidema. Stricture and its consequences 
Atrophy. may occur in any duct or canal; 
Degeneration. and calculi may develop in any 


Necrosis. of them. 


CHAPTER I. 
MALFORMATIONS, 


THE term malformation is applied to structural defects of parts and 
organs, the result of errors or accidents in the process of development. 

It is customary to classify malformations into three groups : (1) mal- 
formations by excess, (2) malformations by defect, and (3) malforma- 
tions by perversion. 

(1) Malformations by excess include all double monsters ; all repeti- 
tion of parts or of structures—e. ¢., supernumerary fingers and _ toes ; 
and all giant-growths, whether general or local. 

(2) Malformations by defect comprise all those due to arrest of de- 
velopment. The large majority of these arise at an early period of 
embryonic life. In this group are included dwarfing and the absence 
or defective formation of parts, provided they are due exclusively to the 
arrest of normal processes, as in harelip, cleft palate, cleft sternum, and 
imperforate anus. 

(3) Malformations by perversion include those congenital errors in 
which the process of development is irregular and disorderly. In this 
group are placed, among others, the transposition of viscera and many 
forms of congenital heart disease. 

This classification is, however, not so useful as one based upon the 
normal order of events which occur in the course of development. 

In the space available for this subject it is not proposed to deal with 
the formation of double monsters, whether derived from two ova or from 
a single ovum, nor with such grave disturbances of development as may 
lead to any of those abortive results of impregnation which are grouped 
together under the term mole. 

A very considerable number of the malformations commonly met 
with depend on imperfect union in the posterior or anterior, median 
line of the body. 

Defective Development in the Posterior Median Line—AIt will be 
remembered that the whole of the central nervous system is developed 
from an invaginated fold of epiblast known as the neural or medullary 
groove, which subsequently becomes converted into a canal and sepa- 
rated from the originally adjacent epiblast by a thin layer of mesoblast. 

The grossest forms of malformation depend upon the failure of the 
neural groove to form the neural canal. Thus, both cranium and 
brain may be absent (anencephalus), and the spinal canal and spinal 
cord may remain an open groove (open spina bifida). These conditions, 
as well as many other malformations of the brain, are incompatible 
with life, and are, therefore, of little practical interest. ; 

A lesser degree of spina bifida often occurs, in which a hernial pro- 
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trusion either from the central canal of the spinal cord or merely from 
the spinal canal, combined with defective formation of the arches of the 
vertebrie, forms a central tumor in the back, usually in the lumbar region. 

When the tumor consists of a protrusion from the central canal of 
the spinal cord, its wall is lined internally by nerve-roots and rudiments 
of the spinal cord (syringomyelocele). When the protrusion arises only 
from the spinal canal, and not from the centre of the spinal cord, the 
latter generally runs across the cavity and is attached to the middle of 
the projecting wall of the protrusion, giving rise to a central depression 
in the tumor when viewed from behind: thence it turns back, and, as 
the filuwm terminale, reaches the canal again. In such cases (myelo- 
meningocele), as well as in those which contain only fluid, the wall of 
the tumor is formed of the ordinary integuments lined by the rudi- 
mentary spinal meninges. Similar pouches may be formed in connec- 
tion with defects in the cranium. They generally arise from the occip- 
ital region. They may contain brain-substance (encephalocele), or brain- 
substance and fluid (encephalomeningocele), or fluid only (meningocele). 

Malformations of both brain and spinal cord may also arise after 
the cranium and vertebral column are formed. These comprise (1) a 
uniform smallness of the brain (micrencephalia) or of the spinal cord 
(micromyelia) in which the former may be from two-thirds to one-sixth 
its natural size ; (2) irregular defects in the cortex of the brain in which 
some of the convolutions are absent, and others small and thin; and 
(3) more or less extensive depressions or clefts in the cortex due to 
defective development and constituting the condition known as poren- 
cephalia. The cerebrum and cerebellum are more liable to malforma- 
tions than the central parts of the brain. The spaces resulting from 
the defects in the cortical or central parts, occurring after the formation 
of the cranium, are filled up by cerebrospinal fluid—in the ventricles 
or in the subarachnoid spaces, as the case may be. When the defects 
are marked and the quantity of fluid is large, the condition is known as 
congenital hydrocephalus—internal, if the fluid is in the ventricles, and 
external, if it is on the surface of the brain. 

The majority of instances of malformation are probably due to 
primary developmental errors. Injury, circulatory disturbances, and 
premature synostosis may be the initial causes in the rest. 

Defective Development in the Anterior Median Line —Defective devel- 
opment and coalescence of the structures forming the anterior median 
line include a large number of common malformations. The imperfect 
union is generally attributed to some primary germinal defect or regarded 
as the indirect result of amniotic bands and adhesions. 

If the growth of the nasofrontal and both superior maxillary plates 
(Fig. 1) be defective, a large gap, involving upper lip, nose, and palate 
will be left. 

If the defect be confined to the failure of coalescence on the part of 
the nasofrontal and one maxillary plate, a cleft in the upper lip (harelip) 
will be produced on the corresponding side of the mid-line. If the 
coalescence of the maxillary plates and corresponding soft parts to form 
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the palate be incomplete, a central cleft (cleft palate) will occur in the 
posterior part of the roof of the mouth. In extreme cases, when the 
cleft is wide and extends far forward, the lower part of the nasofrontal 
process may be seen forming a narrow central plate partly filling up the 
cleft between the maxillary processes. In the majority of instances 
both of harelip and of clett palate, only the soft parts are defective. 
Very rarely, a median cleft in the lower lip, and even in the lower jaw, 
may arise from defective union of the inferior maxillary processes. 

Minute fistulee in the neck, connecting the surface of the skin in 
front of the sternomastoid with the pharynx, may result from imperfect 
closure of the branchial clefts (Fig. 1). Fissures may also occur, from 
somewhat analogous causes, in the sternum, in the diaphragm, and in 
the sides of the thorax. 

The parts concerned in the formation of the umbilical cord furnish 
many malformations. A persistent urachus may lead to a vesical 


ln. pr. 
max. pr. 


inf. max. pr. 


Head of fetus. (Semi-diagrammatic, and modified from several illustrations from His.) 1. n. pr., 
Lateral nasal process; m.n. pr., mesial nasal process ; maa. pr., Maxillary process ; inj. max. pr., 
inferior maxillary process ; br. (a), br. (b), br. (ec), the three lower branchial arches. (Water- 
house.) 


fistula, and its imperfect obliteration to a cyst in the urachal cord, which 
then connects the umbilicus and bladder. In the same way a persistent 
omphalomesenteric duct, which connects the yolk-sac with the alimentary 
tract, may, in similar fashion, give rise to an intestinal fistula. In most 
cases, however, the persistent duct merely consists of a pouch arising 
from the ileum opposite the mesenteric attachment about three feet 
above the ileocecal valve. This pouch is similar in structure to the 
rest of the adjacent intestine and generally forms a simple cul-de-sac 
two or three inches long (Meckel’s diverticulum), constituting one of the 
commonest malformations, in the body. More rarely it may attain a 
length of six inches or upward, and be connected by a fibrous band 
with the umbilicus (Fig. 2); only in very exceptional cases does it 
extend to the umbilicus as a patent tube, and give rise to a fistula. 
A pouch of peritoneum may project into the umbilical cord, giving rise 
to a hernia. 
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Fissures in the abdominal wall are generally situated below the 
umbilicus. If the lateral plates are defective, amnion, peritoneum, and 
anterior wall of the bladder may give way, and the mucous surface of 
the posterior wall of the bladder, with the openings of the ureters, 


Fia. 2. 


Meckel’s diverticulum. A, umbilicus; B, impervious fibrous cord; ©, diverticulum ; D, ileum 
below diverticulum. 
project on the surface (evtroversio vesice). The urethra may remain 
unclosed, appearing, in the male, as a groove along the dorsum of the 
penis (epispadias), and this condition may be associated with absence 
of the symphysis pubis and extroversion of the bladder. A commoner 
deformity is a defective development 
Fra, 3. of the penis, in which that organ is 
small and grooved on its under sur- 
face. The urethra may open at the 
root of the penis, at the base of the 
glans, or at any point between these. 
To these deficiencies are added unde- 
scended testicles and a cleft scrotum 
somewhat resembling the labia majora 
of the female. This general defective 
development of the generative organs 
is known as hypospadias, although, 
strictly speaking, the term should be 
limited to the urethral malformation. 
meee Fee When the ordinary invagination of 
aad con ee tes ites the skin to form the anus does not 
rectum and invaginated skin; C,skin. Occur, Or more commonly when the 
hind-gut is too short to communicate 
with the more or less completely invaginated portion of the skin, an 


oe he iad 


MISCELLANEOUS DEFECTS. d7 


imperforate anus results. The walls of the hind-gut and of the invagi- 
nated anus may lie in close contact or may be separated by an interval 
of several inches (Fig. 3). 

Occasionally the hind-gut may be incompletely differentiated from 
the genito-urinary apparatus owing to the imperfect involution of the 
allantois, but in such cases the foetus rarely attains maturity. 

Miscellaneous Defects——The commonest and least important mal- 
formation of the kidney is an irregularity of the surface due to the 
persistence of the original lobulations, marking the position of the 
pyramids—a normal condition in the ox and many other mammals. 

Occasionally the lower ends of the kidneys are found united across 
the bodies of the vertebree so as to form a horseshoe-shaped organ. 
The connection may be effected either by fibrous tissue or by ordinary 
renal tissue. In nearly all cases of horseshoe kidneys the ureters pass 
downward over the anterior surface, while the arrangement of the 
bloodvessels is generally somewhat unusual. 

The pelvis of the kidney may be subdivided, and the ureter may 
be double at its upper part 
or even throughout its whole 
length. 

On rare occasions the de- 
velopment of one kidney 
may be so far interfered 
with that it is at birth rep- 
resented by a mere fibrous 
plate; while the opposite 
kidney is double, or nearly 
double, its normal size. 

Neither liver nor lungs 
are liable to any important 
developmental errors, unless 
the dilatation of the neigh- 
boring bronchial tubes, which 
results from the inefficient 
expansion of any part of the 
lung at birth (atelectasis), be 
regarded as a malformation. 
(See Bronchiectasis.) 

Malformations of the 
limbs are numerous and va- 
ried. Those due to excess | 
take the form of giant- | 
growth, in which all the Foot with seven toes. The first two metatarsal bones 
tissues of a limb may be articulate with the internal cuneiform bone. The 
concerned HO of additional third toe has only two phalanges and arises from the 


A second metatarsal bone, the distal end of which is 
parts, as in supernumerary  pifurcated. 


fingers or toes (Fig. 4) and 
“webbing ” of fingers or toes. These two latter deformities are fre- 
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quently found together, and are often hereditary, occurring in different 
members of a family. 

- The absence of limbs may be due to germinal defects, or to intra- 
uterine amputation by amniotic bands at an early period of develop- 
ment. When hands and feet, however imperfect, exist without the 
intermediate parts, the defect is always germinal. 

Congenital dislocations, especially of the hip-joint, are not infre- 
quent, and are associated with defective formation of the joints con- 
cerned, 

The various forms of congenital club-foot are accompanied by defects 
in the formation of the tarsal bones, especially of the astragalus, and 
are possibly due to the pressure exerted by the walls of a misshapen 
uterus. They are occasionally associated with corresponding cerebral 
defects. 

Malformations of the heart will be considered in the chapter deal- 
ing with diseases of that organ. 


CHAPTER IL 
NUTRITION ARRESTED. 
NECROSIS. 


THE complete and permanent arrest of nutrition in a part constitutes 
necrosis, gangrene, or local death. 


Etiology.—W hatever interferes with the supply of nutritive mate- 
rial to a part, or destroys the vital activity of its cellular elements, may 
cause its death. 

A. INTERFERENCE WITH THE SupPPLy oF NotritivE MATE- 
RIAL.—Such interference may be the result of: 

1. Obstruction in the Arteries.—This is a common cause of necrosis. 
The obstruction may be caused by compression, by ligature, by rupture, 
by thrombosis, by embolism, or by disease producing thickening of the 
arterial coats, and consequent narrowing of the lumen of the vessel. 
If the obstruction be complete and a collateral circulation cannot be 
established, death of the part quickly ensues. 

2. Obstruction in the Capillaries.—Obstruction is often the result of 


_ pressure upon, or stretching of, these vessels. This may take place 


from the accumulation of inflammatory products or of extravasated 
blood, or from the pressure exercised by new growths. The resulting 
obstruction to the capillary circulation causes death of the immediately 
adjacent tissues. As examples of necrosis from this cause may be 
mentioned : necrosis of the superficial layers of the bone resulting from 
periostitis, and due to the compression of the capillaries between the 
bone and the periosteum ; the sloughing of tendons in whitlows before 
the latter are opened ; and the formation of ordinary bedsores. When 
inflammation causes gangrene, this result is aided by the stasis which 
occurs in the capillaries. Coagulation of blood takes place in the 
vessels of the necrosed tissue, and thus hemorrhage from gangrenous 
parts is prevented. 

3. Obstruction in the Veins.——Obstruction to the return of blood by 
the veins is seldom complete enough to arrest nutrition, and is therefore 
rarely a cause of necrosis. It is when associated with cardiac weakness 
or obstruction in the arteries that it constitutes an important agent in 
producing this result; for then the force necessary to drive the blood 
on through the much narrowed venous channel is quite inadequate. 
Gangrene due to these combined causes occurs after ligature of a main 
artery and its vein, and may follow accidental injury of the vein 
during the operation of ligature of a large artery, especially in the 
thigh. It may also result from constriction of a part by a bandage not 
tight enough to occlude the arteries as well. 
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When a strangulated or invaginated piece of intestine is released 
and the circulation is re-established before gangrene has occurred, severe 
inflammation, leading to gangrene, may ensue. It is of practical im- 
portance to note that inflammation sets in only on re-establishment of the 
circulation. A much contused and lacerated part may ultimately be 
killed because the pressure of the effusion from its injured vessels still 
further impedes the flow through them. 

4. Diminished Cardiac Power. —This is never by itself a sufficient 
cause of necrosis. In cases, however, of excessive general debility, or 
of disease of the cardiac substance, ie consequent editmontion in the 
contractile power of the heart materially aids the foregoing causes in 
producing a fatal blood-stasis. The arrest of the circulation in senile 
gangrene (p. 17), and in that form which so often occurs in the tissues 
of the back in prolonged fever and in chronic exhausting diseases, is in 
part the result of diminished cardiac power. This arrest in the last- 
named conditions is usually determined by some injurious irritation of 
the tissue—in other words, it is a part of an inflammatory process. 

B. Desrrucrion OF THE VITAL ACTIVITY of the cellular elements 
may be caused by : 

Physical and Chemical Agencies.—A part may be completely disor- 
ganized and lose its vitality as the result of external violence, excessive 
heat, or extreme cold, Many corrosive chemicals, such as acids and 
caustic alkalies, destroy the life of cells. Putrid urine or foul secretions 
from’ wounds will sometimes destroy the cells like a caustic. Certain 
diseases have a special tendency to cause necrosis—e. g., diphtheria, 
carbuncle, noma, “ hospital gangrene,” and spreading traumatic gangrene. 
In these Conditions the injury to the tissues is due to the chemical acs 
of bacterial products. 

These are the several causes of necrosis ; but it must be borne in 
mind that the process is often complex, and due to the combined influ- 
ence of two or more of them. The liability to necrosis will greatly 
depend also upon the power of the tissues to resist injury. This varies, 
probably, in different individuals, and, certainly, in different tissues in 
the same individual—intestine, for example, being much less resistant 
to injury than skin, and glandular epithelium ghar connective. tissue. 
Conditions which would lead to the death of a part in which the circu- 
lation was already impeded, or in which the vitality of the cellular 
elements was impaired, would ne no such effeet where such local 
weakness did not obtain. This is well exemplified by senile gangrene ; 
by the formation of ulcers near varicose veins in the legs; and by the 
necrosis of the tissues of the back from pressure, which so often occurs 
in conditions of debility, especially in persons who are lethargic, heavy, 
and i impe rfectly conscious. For similar reasons, the diabetic, the albu- 
minurie, and the intemperate are peculiarly liable to gangrene. 


Varieties.—These generally follow one of two types known as dry 
and moist gangrene respectively. There are three conditions which 
mainly determine into which of these two varieties a given instance 
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will fall. These are (1) the amount of fluid which the tissues involved 
naturally contain ; (2) the extent to which the vessels of the part affected 
are engorged with blood, and the amount of fluid which is therefore 
present at the time; and (3) the rapidity of the evaporation from the 
surface. 

Dry gangrene (muwmmification) will therefore occur in those parts in 
which the tissues naturally contain but little fluid, such as bone, carti- 
lage, and tendon. It will also be frequently associated with such 
obstructions of the arteries as may occur without any corresponding 
interference with the circulation in the veins and lymphatics. Dry 
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Senile gangrene of the great toe, from a case of arterial thrombosis. The toe isshrunken and 
its epidermis is being exfoliated. At the line of demarcation the skin has retracted (a) and 
the deeper parts are separating (6). 


gangrene, therefore, may result from embolism, from slowly progressing 
arterial thrombosis, and from the prolonged administration of ergot. 
Again, free exposure to dry air, slow progress, and the destruction of 
the epidermis will all, by promoting or permitting evaporation, aid in 
producing dry gangrene. Under these circumstances, the part, which 
is pale from the first, gradually dries up and becomes converted into a 
dark, shrunken mass, undergoing but little further change. The con- 
ditions obtaining in dry gangrene are precisely those which render the 
growth of organisms almost impossible (Fig. 5). 

Moist Gangrene.—Under opposite circumstances, a part, consisting 
largely of muscle and other soft structures, may become rapidly gan- 
grenous, either from an acute inflammation or from venous obstruction 
combined with a weak arterial supply. When this happens, its tissues 
are gorged with an albuminous fluid full of breaking-down red_blood- 
corpuscles. The hemoglobin of these forms a red solution which soaks 
into and stains all the tissues. The part is much swollen, of purplish 
color, and often studded with bull containing blood-stained fluid. If 
such a part is exposed to warm, moist air, septic bacteria quickly grow 
through the skin, multiply rapidly in the highly putrescible fluid, and 
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generate by their action gases—chiefly sulphuretted hydrogen, ammonia, 
nitrogen, and carbon dioxide—which give rise to the emphysematous 
crackling so often associated with gangrene. The tissues soften and 
liquefy, the whole part becomes exceedingly offensive, and its tissues 
change in color from reddish to brownish or greenish black. For 
putrefaction to occur it is absolutely essential that septic bacteria be 
admitted to the part ; consequently such changes are met with chiefly in 
external parts or in those internal parts to which organisms have free 
access. 

When the life of an internal organ or part is destroyed and bacteria 
are not admitted to it, as in simple infarction, its tissues subsequently 
undergo degenerative fatty changes, and are ultimately in great measure 


absorbed. 


Course.—Gangrene may be circumscribed or spreading. Circwim- 
scribed gangrene implies a circumscribed cause. This form is exem- 
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A necrosed patch in the myocardium. At (d) where the muscle-fibres have disappeared, the 
structure consists of the connective-tissue stroma, and the débris of necrosed muscle-fibres, 
At other places engorged bloodvessels and extravasated blood (0, c) are seen. The muscle- 
fibres remaining (a) have lost their striation. 150, 


plified by the death of tissue resulting from mechanical violence, the 
actual cautery, or complete stoppage of the circulation. On the other 
hand, spreading gangrene implies a spreading cause. Gangrene from 
arterial thrombosis spreads slowly, as the thrombus spreads and involves 
other vessels, and has a well-defined margin. The typical spreading 
gangrenes are those in which the action of organisms on the fluids of 
the part constantly provides fresh quantities of the irritant. 
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When the process becomes circumscribed, the dead tissue—sphacelus, 
or slough—acts as an irritant to the adjacent living structures, causing 
more or less inflammation in them, If the slough is aseptic, the inflam- 

“mation is slight, leading merely to tha formation of a layer of fibroid 
tissue round the dead mass. This occurs especially in internal parts, 
and is best illustrated by the usual fate of a small simple infarct. When 
thus encapsuled the dead part ceases to irritate ; it becomes decolorized, 
fatty, infiltrated with phagocytes, which absorb the fatty detritus, and is 
ultimately converted into a small fibrous scar, which may caleify. 

When the slough is superficial it generally putrefies and becomes 
strongly irritant ; but mummification will minimize this. Inflammatory 
reaction occurs freely in the narrow zone of Living tissue (line of demar- 
cation) surrounding the edges and base of the slough; fibres and all 
firm connections between the living and dead tissues are softened and 
eaten through ; and, finally, when this process is complete, the slough 
is cast off by suppuration occurring along the line of demarcation. If 
the whole thickness of a limb die, the stump left by casting off the 
sphacelus will be conical ; for the soft parts retract somewhat and the 
bone separates lower down. ‘The less vascular a tissue, the longer will 
be the time occupied in the separation—e. g., fuscia, tendon, bone. If 
the dead mass be deeply seated and suppuration occur about it, fistulee 
will form, leading from it to the surface. Through one or more of these 
it may ultimately be cast off, as in necrosis of bone. After removal of 
the slough an ulcerated surface is left. 


Senile Gangrene. 


This is a form of necrosis which affects especially the lower ex- 
tremities of old people, and is the result of several of those etiological 
conditions which have already been enumerated. 

The most important element in the production of senile gangrene is 
the presence of atheromatous or caleareous changes in the arteries of the 
limb, which greatly diminish the elasticity and calibre of these vessels, 
and proportionately impair the circulation in, and nutrition of, the part. 
This is shown by the coldness of feet, cramps, and other abnormal 
sensations so often experienced by the patient for some time before the 
gangrene sets in. The slowing of the circulation is usually much in- 
ereased by defective action of the heart due to atrophy or degeneration 
of its muscular substance. Thus the contact of the blood with an ab- 
normal vessel-wall is prolonged, and this is sometimes sufficient to 
eause the formation of a thrombus in the artery. (See Thrombosis.) 
The clot thus formed spreads slowly until it may extend from the foot 
to the groin. Dry gangrene gradually supervenes. This begins in one 
toe or in several simultaneously, and extends slowly. It is often sur- 
prisingly limited; and even where the thrombus extends into the 
popliteal artery part of the foot may escape. In other cases, embolism 
with superadded thrombosis may be the starting-point—a chalky plate 
or a parietal thrombus being swept from a large into a smaller artery. 
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The exciting cause of the gangrene is often some trivial injury, 
such as a slight abrasion of the foot, the cutting of a corn, or some 
excess of heat or cold, acting upon feebly nourished tissues supplied by 


diseased vessels. 
Coagulation-necrosis. 


This is a term applied to a peculiar form of sudden tissue-death. 
The cells in dying seem to give rise to some substance or substances 
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Necrosis of the kidney from embolism, in a case of aneurism of the abdominal aorta. One of 
several small yellowish-white patches which were scattered through the cortices of the 
organs. The cells of the tubules are necrosed and, therefore, unstained, but the econnective- 
tissue cells have taken the stain. The dark masses are red biood-corpuscles. 200 


which unite with the lymph and cause an apparent coagulation of the 
dying cells. Microscopically, the nucleus disappears, and the contents 
of the cells are replaced by a structureless hyaline-looking material. 
Fatty degeneration subsequently sets in. The process may be the 
result of bacterial action. It occurs only in parts freely supplied with 
lymph, and is never found in the brain (Fig. 7). 

Colliquative necrosis is the term employed when the dead tissues do 
not coagulate, but, as in the case of the brain, soften and liquefy. The 
cerebrospinal fluid is non-coagulable, and necrosis in the brain is col- 
liquative from the first. In acute pneumonia it follows coagulation, 
and is due to bacterial products. 


Fat-necrosis. 


Under the name of fat-necrosis a peculiar change occurring in fat 
has been described. It consists in the formation of opaque white areas, 
half an inch or less in diameter. These are of firm consistence, and 
are scattered through otherwise normal fat. They stain with osmic 
acid and melt on the application of heat. Under the microscope the 
contents of the affected cells are either crystalline or opaque and gran- 
ular. The transition from diseased to healthy ‘cells is abrupt (Fig. 8). 
The surrounding parts are occasionally infiltrated with leucocytes. Fat- 
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necrosis is most frequently encountered in the subperitoneal fat, but is 
occasionally met with elsewhere. 

Many explanations of this change have been offered. According to 
Balser and Zenker, it is a primary necrosis of fat, following its excessive 
growth, and occurring therefore in fat people. Balser also noted its 
association with hemorrhage in the neighborhood of the pancreas and 
surrounding parts. Langerhans attributes it to the destructive action 
of steapsin absorbed from the intestine. Fitz, recognizing the frequency 
with which it is associated with pancreatitis, considers that it is due to 
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Fat-necrosis. The abrupt transition, from the healthy cells on the left to the necrosed cells on 
the right, is well marked. The contents of the affected cells are finely granular. X 220. 
(Rolleston.) 


the spread of inflammation from the pancreas itself. Rolleston draws 
attention to the occurrence of the change in conditions due to severe 
disturbance of the abdominal sympathetic. He points out that in 
acute lesions of the pancreas the solar plexus is likely to be involved, 
and suggests that “ fat-necrosis ” should be regarded as a disturbance 
due to some affection of the abdominal sympathetic. It has more 
recently been attributed by many observers to bacterial action, several 
organisms, notably the Bacillus coli communis, having been found in 
the necrotic areas. 


POST-MORTEM CHANGES. 


The changes which always occur in tissues after death must now be 
considered more particularly. The blood undergoes the earliest and 
most rapid change. The hemoglobin escapes from the red corpuscles, 
partly by exudation and partly by the destruction of the corpuscles 
themselves, and, dissolved in the liquor sanguinis, permeates the sur- 
rounding tissues. The corpuscles ultimately disappear, nothing re- 
maining but a few minute granules. ‘The staining of the tissues with 
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hemoglobin is commonly known as post-mortem staining, and the appear- 
ances it presents are very characteristic. The lining membrane of the 
heart and of the bloodvessels, being in immediate contact with the blood 
after death, are the parts principally affected. The dissolved heemo- 
globin also soaks through the walls of the veins, thus giving rise, on 
the surface of the skin, to red lines which mark the position of the 
vessels lying beneath. The staining is of a uniform pinkish-red color, 
thus differing from the punctiform and linear redness of hypereemia, 
from which it must be carefully distinguished. The amount of staining 
is in proportion to the rapidity with which decomposition has taken 
place, and to the amount of blood contained in the part at the time of 
death. Marked staining of the endocardium and great vessels occurs 
very rapidly after death from septiceemia. 

Post-mortem staining must be distinguished from post-mortem dis- 
coloration. The latter is a purplish color seen in dependent parts 
which are not pressed upon, and is due to the gravitation of fluid 
blood into the vessels of these parts. It disappears if the body be 
turned over. 

In muscle the arrest of nutrition is accompanied by a state of rigidity 
known as rigor mortis. This is a peculiar condition of the muscles 
observed in almost all bodies after death, in which they become firm 
and somewhat shortened, as though in a state of permanent contrac- 
tion. It comes on as soon as the muscles have lost their irritability 
—i. e., their capability of responding to artificial stimulation ; in other 
words, as soon as the nutritive processes have completely ceased. The 
time of its appearance will therefore depend upon the state of nutrition 
of the muscles at the time of death; the more healthy and vigorous 
this is, the longer will be the interval before nutritive processes com- 
pletely cease, and consequently the longer before rigor mortis super- 
venes. Its duration and its intensity are in direct proportion to the 
lateness of its appearance. In people, for example, who are in perfect 
health and die suddenly, as from accident, the rigor mortis does not 
usually come on until from ten to twenty-four hours after death: it is 
very marked, and often lasts two or three days. In those, on the other 
hand, who die from some exhausting disease, as from chronic phthisis, 
in which the nutrition of the muscles has become much impaired, the 
rigor mortis appears very soon, sometimes as early as ten minutes after 
death ; it is very slight, and may pass off in less than an hour. It has 
been said that in cases of death from lightning, and from some of the 
severer forms of the adynamic fevers, the rigor mortis is entirely ab- 
sent. It is doubtful, however, if this is the case ; the rigor mortis has 
probably escaped observation, owing to its early supervention and rapid 
disappearance. 

With regard to the nature of the change, Kiihne and others have 
shown that it is really owing to the coagulation of the muscle- -plasma 
and the formation of a proteid clot—myosin, The coagulation is at- 
tended by the liberation of a free acid (sareolactic), Thus are produced 
the firmness, hardness, and opacity of the muscle which are together 
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characteristic of rigor mortis. This change is not confined to voluntary 
muscle ; a similar coagulation of the protoplasm takes place after death 
in all involuntary muscle-fibres. 

As soon as decomposition commences, rigor mortis disappears. The 
transverse striation of the fibres then becomes indistinct, and gives 
place to irregular rows of granules and fat-molecules. In the mean- 
time the muscle softens, its sarcolemma disappears, and ultimately 
nothing remains but a soft structureless débris. In adipose tissue the 
cells diminish in size, owing to the escape of the fluid fat, which diffuses 
itself throughout the surrounding structures. The fibres of the con- 
nective tissue swell, become opaque, and ultimately liquefy. In nerve- 
fibres the white substance of Schwann coagulates and collects into small 
drops within the neurilemma. Cartilage, bone, and hair resist the 
putrefactive process longer than any of the other tissues, and are the 
least altered by it. 


CHAPTER, LE: 
NUTRITION IMPAIRED. 


Ir has been shown in the preceding chapter that complete and per- 
manent arrest of nutrition in a part causes death, and, therefore, cessa- 
tion of function. We have now to consider those morbid processes in 
which nutrition is more or less ¢mpaired, and in which, therefore, there 
is a proportionate diminution of function. Nutrition may be impaired 
in two ways : in quantity, so that waste comes to be in excess of assimi- 
lation ; or in quality, either the food or the metabolism of the cell being 
abnormal. Excess of waste over assimilation leads simply to atrophy 
or simple diminution in the size of a part or of the whole body. On 
the other hand, alteration in the chemistry of the cell, or in the quality 
of the food supplied to it, may lead to degeneration of the cell-contents, 
some abnormal substance appearing in the tissues. 

The degenerative product may theoretically be formed, (1) anaboli- 
cally, by the cell from its food-supply ; (2) catabolically, by abnormal 
disintegration of the cell-protoplasm ; (3) by simple deposition in the cell 
from the lymph—the last method implying a very passive and unlikely 
condition of the living cell. 

There is a growing tendency among pathologists to regard degen- 
erations as largely due to the action of bacterial products (toxins). In 
some this has been proved to be the case (p. 28). 

Degenerative processes are generally divided into two groups: the 
degenerations proper and the infiltrations. In the degenerations, the 
cell-protoplasm is gradually transformed into some new material. This 
process is often continued until complete destruction of the histological 
elements has taken place and all trace of the original structure is lost. 
In the earlier stages of the process, function is impaired : in the later, 
it may be completely arrested. In the infiltrations, the new material is 
supposed to be passively deposited from the lymph (calcareous infiltra- 
tion) or formed by the cells from their food-supply (fatty accumulation). 
Infiltration is not necessarily followed by destruction of the histological 
elements, and function is but little interfered with, 

The degenerations are: fatty, mucoid, colloid, and probably amyloid. 
The infiltrations are: fatty, calcareous, and pigmentary. 


I. ATROPHY. 


Atrophy must be carefully distinguished from arrested development. 
It is a decrease in the amount of a tissue, owing to diminution either in 
size (snnple atrophy) or number (numerical atrophy) of the histological 
elements of which it is composed. It is attended by loss of weight 
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and impairment of function. The two varieties, simple and numerical, 
are often associated, the latter being an advanced stage of the former. 

Simple atrophy is the commonest form, and may affect all tissues, as 
is well shown in ordinary emaciation (Fig. 9). 

The cells of all glands may undergo simple atrophy ; they become 
smaller, and are often finely granular from the presence of molecular 
fat. Muscular tissue may also atrophy by simple diminution in the size 
of its primitive fasciculi. 

Unless their vital activity is exhausted, the shrunken cells are capable 
of recovery ; all that is necessary for their restitution is diminution of 
waste or increase of assimilation, according as the one or the other is 
faulty. 

Numerical atrophy is often an advanced stage of simple atrophy. 
The elements not only diminish in size, but some actually perish, as is 


Fia. 9. 


Adipose tissue. A, normal; B, atrophic, from a case of phthisis; a, a single fat-cell, with cell- 
wall, nucleus, and drop of fat. 300. (Virchow.) 


well seen in advanced atrophy of muscle; then restitution is possible 
-only by the production of new elements. In certain tissues—as the 
spleen, lymphatic glands, and skin—atrophy is due mainly to numerical 
OSS. 

Although atrophy in its strict signification consists simply in a 
diminution in size or in number of the component elements of a tissue, 
it is rarely a perfectly simple process, but is usually associated with more 
or less fatty degeneration. This indicates some qualitative error in the 
metabolism of the cells. It will be seen subsequently that fatty 
degeneration arises from causes very similar to those which produce 
atrophy itself. 

All the tissues of which an organ consists may waste ; but the term 
“atrophy” implies, primarily and chiefly, wasting of its characteristic 
cells, as opposed to the stroma. The vessels and nerves also share in 
the wasting process. The fibrous constituents are the last to atrophy ; 
indeed, as the higher cells shrink and disappear the connective tissue 
of the organ tends to increase (replacement fibrosis)—as in the secondary 
“scleroses” of the spinal cord. The overgrowth of connective tissue 
in such cases is probably due to the fact that, owing to the death of the 
higher cells, a larger blood-supply than before is available for the less 
specialized tissue. 
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The naked-eye recognition of atrophy is often difficult. Atrophied 
organs contain less blood, and are drier, paler, tougher, and more 
fibrous-looking than in health. But the great criterion is the diminution 
in weight dnd size of an organ ; these, however, vary considerably in 
health—proportionately with the weight and size of the whole body ; 
moreover, they may be small from incomplete development. Again, 
accumulation of blood and other fluids in an atrophied organ may bring 
its weight and size up to or beyond the average, although its essential 
tissue is considerably diminished in amount. The same fallacy may 
arise from overgrowth of the fibrous stroma of an organ. 


Etiology.—Atrophy may be caused by (1) deficiency in the supply 
of nutriment, (2) diminution of function, or (3) exhaustion of the 
inherited vital energy. 

1. Deficiency in the Supply of Nutriment.—The effect of diminishing 
the blood-supply to a part will vary, according to the degree of the 
diminution, from slight atrophy to absolute necrosis. 

This cause of atrophy may be brought about in various ways: (1) 
By obstruction of the supplying vessels before they enter a part. ‘Thus 
pressure of an abdominal aneurism on the spermatic artery may cause 
atrophy of the testis; and fracture of a long bone, above the point 
where its nutrient artery enters, may result in wasting of the upper 
fragment. (2) By uniform and continuous pressure which does not 
compress the veins disproportionately. Thus atrophy, even of bones, 
results from pressure of aneurisms and tumors ; deep fissures are formed 
in solid organs from pressure of band-like adhesions ; atrophy of the 
kidneys will follow obstruction in the urinary passages ; and, rarely, 
wasting of a testis may be due to pressure of an old heematocele or 
hy drocele. Pressure may also arise within an organ by the appearance 
of some new growth distending its capsule and pressing on the rest of 
its contents, or by the formation of bands of contracting cicatricial 
tissue traversing its interior. The effect of the latter process is seen in 
cirrhosis of the liver. In all “ pressure-atrophies ” the constant pressure 
also acts directly on the cells of the part and thus impairs their powers. 
(3) By passive congestion. The circulation is impeded, as the blood is 
not returned normally by the veins. Hence there is deficient arterial 
supply, and atrophy results. This is seen in the passively congested 
liver of heart disease. 

2. Diminution of Function.—A trophy always causes diminished func- 
tional activity ; but sometimes diminished functional activity seems to 
be itself the cause of atrophy (disuse-atrophy). 

Diminished functional activity of a part implies that the chemical 
processes in its cells are less active than normal ; such cells require less 
food. How the needs of each tissue are made known to the vasomotor 
mechanism is not understood ; but the supply is, as a rule, speedily 
adapted to any variation in the demand, Consequently, tissues will, 
soon after they have ceased to perform their functions, receive only 
sufficient material for those chemical processes which still go on in 
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them. This is insufficient to maintain the mass of protoplasm required 
to do the full work of the tissue; so some of it atrophies. 

-Muscles atrophy when they are rendered inactive by chronic disease 
of joints, by splints, or by paralysis from disease or injury of the ner- 
vous system above the anterior cornual cells with which they are con- 
nected—i. e., by an “upper segment” lesion. When the muscles of a 
part waste, all its other tissues—nerves, vessels, bones, and skin—suffer 
ultimately from impaired blood-supply. Thus, in part at least, we may 
explain wasting of the bone in a stump or limb long kept at rest; the 
absence of that intermittent pressure, which it is the function of bones 
to bear, is probably a secondary cause: at all events, increased strain 
causes hypertrophy of a bone. After removal of the distal part of a 
limb, the main artery and branches supplying it become smaller and 
thinner. The rectum dwindles after colotomy to a scarcely pervious 
cord: in this case the passage of feces over the mucous membrane no 
doubt acts as a stimulant to its vessels, as well as an excitant of muscular 
action, and as, after colotomy, the rectum is never distended, its tissues 
adapt themselves to the empty condition. Atrophy of the stump of the 
optic nerve follows removal of the corresponding eyebail. 

3. Exhaustion of the Inherited Vital Energy.—After birth, those 
parts which are no longer required in the altered circulation gradually 
atrophy. The umbilical arteries and vein become thrombosed up to 
their first branches, and shrink to a fibrous cord as the clots organize— 
just like any other vessel cut across or tied. But this does not explain 
the closure of the ductus venosus or ductus arteriosus, in which the con- 
ditions are not favorable to thrombosis. Obliteration of these vessels 
can at present be spoken of simply as a developmental fact, comparable 
to closure of the foramen ovale. The Wolffian body disappears as the 
kidneys develop, and the thymus wastes in the second year. These, 
perhaps, are examples of atrophy of organs following the development 
of others better fitted to do the work—illustrating, as it were, the con- 
verse of the law that when an organ atrophies or is removed, correlated 
organs hypertrophy and take on its function. (See Hypertrophy.) 

The female generative organs atrophy at from forty-five to fifty years 
of age, the male somewhat later; the’ spleen and whole lymphatic sys- 
tem waste after middle life: probably in these cases the vital energy of 
the cells of the parts concerned is exhausted about the times mentioned, 
and diminished function is the result—not the cause. 

Trophoneuroses— When a muscle is cut off from its connection with 
the cells in the anterior cornu, or when these cells are destroyed or 
seriously injured, fatty degeneration of the muscle, a more _rapid 
process than simple atrophy, sets in. Examples of this are afforded 
by the acute bulbar and spinal paralyses of adults, infantile paralysis, 
some cases of progressive muscular atrophy, neuritis from any cause, 
and rupture, contusion, or section of a nerve. Salivary glands waste 
on section of their nerves. Nerves cut off from their ganglion-cells 
(of ‘vhich they are long processes) also degenerate rapidly and waste. 
Tn all these cases the interstitial connective tissue increases, and often 
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becomes loaded with fat, as the higher tissue disappears. (See Dis- 
eases of Nervous System.) 


General Atrophy. 


The term general atrophy is sometimes employed as a synonym for 
general wasting of the whole body. In general wasting, the first tissue 
to atrophy is the subcutaneous adipose tissue ; the fat around the vis- 
cera, in the omentum, and in other parts follows, then the muscles and 
glandular organs, and, last of all, the osseous and nervous tissues. 

General atrophy may be caused by : 

1. Deficiency in the Supply of Nutriment.—Thus the following con- 
ditions may all be causes of general atrophy : deficient supply of food ; 
obstruction to the passage of food into the stomach or intestines, as in 
stricture of the cesophagus or pylorus; the malassimilation which 
results from the various conditions giving rise to dyspepsia ; interfer- 
ence with the absorption of the chyle, from obstruction of the thoracic 
duct. 

2. Excessive Waste——All conditions attended by the loss of large 
quantities of nutritive material may also be causes of general atrophy. 
Among these are: continuous hemorrhages ; profuse ne long-continued 
suppuration from chronie bone disease or empyema ; diarrhoea ; and 
the excretion of large quantities of albumin in Bright’s disease or of 
sugar in diabetes mellitus. The waste from increased tissue-change 
accompanying acute febrile diseases must also be included under this 
head. 

Although general atrophy may occasionally be referred to one of 
the foregoing causes, it is usually due to the combined influence of 
two or more of them. The atrophy associated with pulmonary tuber- 
culosis, for example, results partly from Joss of nutritive material in 
profuse expectoration and diarrhcea, partly from deficient supply con- 
sequent upon imperfect oxidation of the blood and upon interference 
with assimilation which is so often caused by structural changes in the 
stomach and intestines, and partly from the tnereased tissue-waste of 
fever. In the wasting of old age, in addition to the general diminution 
of nutritive activity, there is frequently some condition of the diges- 
tive organs which interferes with assimilation ; this materially aids in 
producing the ultimate result. Increased tissue-waste, loss of appetite, 
and interference with assimilation all help to produce the atrophy which 
accompanies fever. 


Atrophy of Bone. 


As in other tissues, atrophy of bone is usually accompanied by more 
or less fatty degeneration, Old age, disuse, and constant pressure are 
its most frequent causes. 

When due to old age, there is diminution in weight, but no change 
in size. ‘The loss of weight is the result of the gradual conyersion of 
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the compact tissue into one closely resembling the cancellous. The 
spaces become larger and their bony walls thinner; the consequent 
brittleness of the bone is therefore a marked feature. This form, 
known as eccentric atrophy, occurs with other senile changes, and 
generally affects all bones, but is specially marked in the neck of the 
femur, rendering it liable to fracture from trivial injuries. 

Atrophy from disuse or from constant pressure is accompanied by 
diminution in size as well as in weight. The bone beneath the perios- 
teum is gradually absorbed, and the medullary canal shrinks propor- 
tionately. This variety is known as concentric atrophy, but the changes 
characteristic of the eccentric form are often present as well. It is a 
local alteration, and is met with especially in the long bones, in cases 
of long-standing ankylosis, dislocation, or paralysis. The effect of 
constant pressure in the production of atrophy is well shown in the 
enlargement of clefts and perforations of the hard palate which often 
results from the insertion of plugs. These interfere with the blood- 
supply and thus cause atrophy. 

Atrophy of bone must not be confounded with arrested development. 
The latter is commonly met with in the later stages of infantile paral- 
ysis. A very similar result may be produced by anything which causes 
premature ossification of an epiphysis, such as rickets, inflammation, or 
injury. These are the common causes of stunted limbs; and micro- 
cephaly may be due to premature ossification of the cartilage between 
the basi-sphenoid and the basi-occipital bones (p. 24). 


II. DEGENERATIONS. 


The degenerations (p. 38) may be advantageously arranged in three 
groups: (1) cloudy swelling and fatty changes, including fatty infiltra- 
tion (accumulation) and fatty degeneration ; (2) mucoid, colloid, hyaline, 
and amyloid degenerations, resembling one another in the transparent 
structureless character of the degenerative product ; and (3) calcareous 
infiltration and pigmentary changes. 


CLOUDY SWELLING. 


Cloudy swelling, sometimes known as parenchymatous or granular 
degeneration, or albuminous infiltration, is a frequent change, being 
found in all diseases attended by considerable pyrexia. W ickham 
Legg and Liebermeister produced it by subjecting animals to a high 
external temperature ; they therefore regarded the change as due sim- 
ply to the fever, which, in their opinion, caused increased destruction 
of proteid. Against this view it may be urged : (1) that increased 
destruction of tissue may itself produce the elevation of temperature ; 
(2) that the change is less marked in long-continued fevers than in the 
relatively short fevers of the acute specific diseases ; and (3) that the 
degeneration is specially pronounced in severe cases of diphtheria, in 
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which disease the temperature is often low. All this leads to the 
belief that mere fever is an insufficient cause. A more probable ex- 
planation is that the infective material in the blood—the cause of the 
feyer—has a more or less deleterious action on the tissues. This is 
supported by the observation that cloudy swelling is the first change 
noticeable in poisoning by phosphorus, arsenic, and the mineral acids, 
all of which lead ultimately to fatty degeneration of protoplasm. Again, 
cloudy swelling is found in inflamed parts ; and we shall see later that 
inflammation is always due to the action of an irritant, which, if it 
were of sufficient intensity, would produce death of the tissue. It 
would appear, therefore, that cloudy swelling is due to the action upon 
the tissues of some poison which tends to cause their death: elevation 
of the temperature of protoplasm above the normal may assist its 
action. 

In considering the histology of this change, we shall find that 
advanced cloudy swelling passes insensibly into fatty degeneration : 
it is, therefore, to be regarded as the first step toward fatty degenera- 
tion. 


Seats.—The liver, kidneys, heart, and voluntary muscles show 
the change most plainly ; but probably all protoplasm suffers. The 
change may be much more advanced in some organs than in others, 
owing probably to some special stress to which the organs most affected 
have been subjected. 


Appearances.—1l. Microscopic.—The cells in unstained specimens 
are swollen and their protoplasm is 

Fre. 10. finely granular, the nucleus and any 
cell-structure being obscure or even 
indistinguishable : the granules, which 
first appear like a precipitate in the 
cells, refract light but feebly ; they 
are unstained by osmic acid; they 
dissolve in dilute acetic acid but not 
in ether, and are therefore albuminous 
(Fig. 10). In advanced cases, larger, 
stronely refracting granules, blacken- 
Liver from a case of acute rheumatism ing with osmie acid, and soluble in 
with high temperature. Theliver-cells ether but not in acetic acid—therefore 
are swollen and granular, the nucleus fatty__are found associated with the 

in many being almost indistinguisha- A Ai 4 

pie aan albuminous granules. The affected 

organs recover in those cases in which 
the primary disease does not prove fatal, although many individual cells 
may die and disappear. 

2. Naked Eye—When the change is well marked, the affected organs 
are somewhat swollen, and may be either anzemie or slightly hypersemic ; 
the surface of a section bulges a little; and the tissue is softer and 
more opaque than natural. 
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Effects.—This change is a sign of the impaired health of the cells: 
their vital activity will therefore be proportion- 
ately affected. Its most serious effect is upon Fig. 11. 
the heart-muscle: the vigor of the contraction 
is always much impaired. 

The Kidneys——The cortex is principally 
affected. The Malpighian bodies and the pyr- 
amids are usually hyperemic, and contrast with 
the general pallor of the cortex. The tubal 
epithelium presents the appearances described 
above ; they are well seen in the early stages 
of scarlatinal nephritis. 


The Heart.—The walls of the heart become M8¢ulat tissue of the heart, 
from a case of severe ty- 


pale and soft. The muscular fibres are finely phoid fever. The fibres 
granular, and have, in many places, lost their are granular, the nuclei 
a net shitation (Fi 11) obscured, and the stria- 

is g: : tion, at places, entirely 


The Lungs.—The change cannot be recog- lost. > 400. 
nized by the naked eye. The epithelial cells, 
according to Buhl, are swollen and granular from the presence of albu- 
minous and fatty particles, and are easily detached from the alveolar 
walls. 


FATTY CHANGES. 


The abnormal appearance of fat in the tissues may result from either 
accumulation (infiltration) or degeneration. Examples of both occur 
in health (pp. 47, 53). 

According to Cohnheim, all fat found in the body has the same 
chemical composition—being a mixture of tripalmitin, triolein, and 
tristearin. It does not, however, follow that it is not liable to special 
and exceptional modifications, particularly in the case of fatty accumu- 
lation; for if dogs are fed on colza-oil, linseed-oil, or mutton-fat, the 
melting-point of the deposited fat will vary with that of the form in 
which it was given; while in the case of the colza-oil diet the tissues 
will contain erucic acid, which under ordinary conditions is absent. 


I. FATTY ACCUMULATION. 


In fatty accumulation, fat brought by the blood is taken up and 
deposited in the substance of certain cells, especially those of (1) con- 
nective tissue, (2) the medulla of limb-bones, and (3), to a less extent, 
those of the liver. These serve, physiologically, as reservoirs of fat. 
It is impossible to draw any line between normal and pathological fatty 
accumulation so long as the process is confined to those cell-groups 
which are physiologically liable to this change. Thus the subcutaneous 
fat avd the fat normally present along the coronary vessels in middle- 
aged adults varies much in amount consistently with perfect health. 
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But when the fat spreads widely over the surface of the heart it is 
clearly abnormal ; and the evidence of disease is still stronger when the 
fat. appears between the muscular fibres in cells which normally contain 
none. The tendency to morbid fatty accumulation may be general 
(obesity) or local. 


Causes.—1. Excess of Food—It may be stated generally that, 
whenever nutritive material is present in the blood in excess of the 
amount required for the supply of force and maintenance of heat in the 
body, there is a tendency to the deposit (storage) of fat, first in regions 
in which it is normally present, and later in parts which usually con- 
tainnone. For this, fat itself need not be present in excess in the food ; 
the presence of carbohydrates in quantity sufficient to satisfy the wants 
of the organism will protect fat from oxidation and lead to its deposi- 
tion. The proteids of the food may also be split into nitrogenous and 
non-nitrogenous factors, and from the latter of these fat may be 
formed. 

2. Inherited Tendency.—Nothing is more certain than that a ten- 
dency to obesity or to leanness runs in families; and it is notorious 
that some very stout people are small eaters and take active exercise, 


whilst many thin subjects are just the reverse. Cohnheim has, it is — 


true, advanced the hypothesis that, in the former, oxidation is naturally 
slow and imperfect, but we know of no experimental facts in support 
of the view. 

3. Disordered Metabolism—This may result from sedentary and 
luxurious habits, lassitude of mind and body, high external tempera- 
ture, destruction of much lung-tissue by chronic disease, or reduction 
of the oxygen-carrying power of the blood owing to diminution of red 
corpuscles or of their hemoglobin. Some suppose that the fat con- 


Fatty accumulation in connective tissue. Showing the accumulation of fat within the cells, 
< 300. (Rindficiseh.) 


tained in a normal diet may under such circumstances be incompletely 
oxidized ; and that oxidation may be diminished by slow circulation or 
“ La 
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by the circulation of deoxidized blood through a part—conditions which 
normally obtain in the liver and in parts thrown out of work—as in a 
muscle kept at rest. There is, however, no adequate proof of this. 
Excess of fat may sometimes be present in the fluids around certain 
cells—e. g., the liver-cells after a meal containing much fat, and the 
connective-tissue cells and wandering cells near a focus of fatty de- 
generation. 


Appearances.—1. Microscopic —Cells in which fat is accumulating 
are seen to contain droplets of oil—vyery small at first, but still dis- 
tinct droplets (Fig. 12). These run together, push the cell-nucleus 
aside, and distend the cell until its original contents seem to have be- 
come a mere capsule to the fat (Fig. 13). As the fat is added to the 
previous cell-contents, the cell is enlarged in proportion to the amount 
of fat it contains. 

2. Naked Eye——An organ in which fat has accumulated is more or 
less swollen. Any sharp edges it may possess tend to become thick 
and rounded. It is more or less pale and yellowish 
on account of anemia (from increased intracapsular Fic. 18. 
pressure) and the presence of fat; it is doughy and 
inelastic, and both receives and retains an impression 
from the pressure of a finger; and it is softer than 
natural. But, except mechanically, the fat need not 
appreciably hinder the protoplasm of the organ from 
discharging its functions. Ultimately, however, 
pressure upon the cells proper may become so severe 
that they may fail to get sufficient nourishment ; 
they will then undergo fatty degeneration and atro- 
phy. The knife used to cut a fatty organ becomes  Liver-cells a deiees 
greasy, and may show distinct drops of oil on the Be ee 


mulation. > 300. 
blade. (Rindfleisch.) 


Seats.—The parts affected are those physiologically liable to the 
process—viz., connective-tissue cells and liver-cells: with regard to the 
former, it is to be noted that normally the cells of the interstitial 
connective tissue of working organs (muscles, nerves, and glands) are 
not affected, but may become so, especially if the activity of the organ 
is in any way arrested. In obesity—the commonest manifestation of 
morbid fatty accumulation—the subcutaneous and subperitoneal con- 
nective tissues suffer earliest and most, the accumulation spreading 
later to the interstitial connective tissue of organs in which metabolism 
is still apparently normal, as in the heart. 


Il. FATTY DEGENERATION. 


This differs from fatty accumulation, inasmuch as the fat is formed 
by changes in the protoplasm of the cells themselves. There is reason 
to believe that cell-protoplasm takes up oxygen and splits into a nitro- 
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genous molecule, which is the first stage in the formation of urea, and 
a non-nitrogenous molecule which forms fat. In the process of healthy 
nutrition, these products of the metabolism of the cell are still further 
oxidized and then removed. Consequently, we do not, except in the 
case of the intestinal epithelium and the liver-cells, find fat-granules in 
healthy cells. When, however, a whole cell or many cells die and are 
protected from ferments, evidence of fatty degeneration of protoplasm 
is soon forthcoming.. This we can watch in various physiological pro- 
cesses—e. g., the formation of sebum and cerumen. In both of these 
the fatty degeneration, death, casting off, and disintegration of super- 
ficial cells, and the constant production of new ones in the deeper layers, 
play a chief part. Evidence of the same process is seen in the fatty 
degeneration of the muscular fibres of the uterus undergoing inyolution. 
It was formerly supposed that the transformation of entire bodies, 
which have lain for many weeks or months in water or damp soil, into 
adipocere (an ammonia and lime soap) was an illustration of the same 
process, but this change is now generally believed to be due to or- 
ganisms. 

It is now universally recognized that the fat seen in the muscular 
fibres in fatty degeneration is the result of a change in the fibres them- 
selves, and is not derived from without. The experiments of Voit and 
Bauer prove this. These experiments were made to determine the 
source of the fat in the acute fatty degeneration produced by poisoning 
with phosphorus. Dogs were starved for twelve days, so that all 
available fat, whether in the tissues or in the food, might be exhausted. 
At this period the daily excretion of nitrogen (urea) averaged eight 
grammes. Small doses of phosphorus were then given. The average 
daily excretion of nitrogen at once rose to twenty-four grammes, while 
the amount of oxygen taken up, and that of carbon dioxide given off, 
were greatly diminished. The animals were then killed, and large 
quantities of fat were found throughout the body. The increase in the 
excretion of urea showed that the destruction of proteids was also 
increased ; and the presence of the large quantities of fat found after 
death made it highly probable that it had been formed as part of the 
general proteid destruction. In other words, the phosphorus produced 
very extensive and general fatty degeneration, and the faé must have 
arisen from the protoplasm of the cells. Voit concluded from these 
investigations (1) that the transformation of cell-proteid is independent 
of the supply of oxygen, but that if oxygen be deficient, the fat and 
other products of the transformation, being incompletely oxidized, ac- 
cumulate in the cell ; (2) that the presence of fat in the cells may thus 
be due to increased transformation of the proteid matter, or to dimin- 
ished oxidation of the products of its decomposition ; and (3) that the 
fatty degeneration in poisoning by phosphorus is due both to an in- 
creased transformation of the cell-proteid and to diminished oxidation 
of the fat and other products of the transformation. : 

Stolnikow and Gaule have published experiments which seem to 
show that fat can be produced by the decomposition of lecithin, the 
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phosphuretted fat of the nervous system, and a constituent of many 
other tissues. According to these observers, glycerophosphoric acid, 
stearic acid, and cholin are formed in the process. 


Etiology.—F at being a possible intermediate product in the me- 
tabolism of a cell, its presence in an unusual situation indicates some 
incompleteness of, or disturbance in, the metabolism. This alteration 
in metabolism is due either (I.) to the insufficiency of the supply of 
nutriment to meet the demand of the cell, or (II.) to the inability of 
the cell to utilize the food placed at its disposal. 

I. The insufficiency of the supply may be due to primary defects 
in the supply itself or to an unusual increase in the demand. (1) The 
normal blood-supply may be simply diminished, as in chronic arterioscle- 
rotic changes in the coronary arteries, causing narrowing of their lumen 
and consequent diminution of the supply of blood to the muscle-cells 
of the heart (p. 43). (2) Increased work may fall upon the cells with- 
out any corresponding increase in their blood-supply. Thus the fibres 
of a much hypertrophied heart may undergo fatty degeneration because 
_ the coronary arteries—themselves free from disease—are unable to 
furnish the requisite supply of nutriment. This cause is also possibly 
operative in the fatty degeneration occurring in febrile states, as in- 
creased temperature promotes disintegration of the cells, while no 
additional supply of food reaches the tissues. (3) Actual deficiencies in 
the blood may wnpair its nutritive value. In this ease the change prin- 
cipally consists in a marked diminution in the corpuscles and especially 
in the hemoglobin, and, therefore, in the oxygen-carrying power. The 
fatty degeneration is most marked in pernicious anemia, in which the 
total volume of blood is much diminished. In these cases there is but 
little tendency to fatty degeneration in those parts which can be kept in 
comparative rest; for anemia, while seriously interfering with the 
reserve power, is rarely intense enough to diminish the respiratory 
exchange usual during rest. 

II. The failure of the cell to make use of the material placed at its 
disposal is probably the more important cause. (1) This may be the 
result of the action of bacterial toxins, such as that of diphtheria, which 
causes fatty degeneration of voluntary muscle-fibres, including those of 
the heart ; or that of tubercle, which leads to a corresponding degenera- 
tion of the affected cells. (2) It may also depend upon the influence 
of inorganic poisons, such as phosphorus, arsenic, alcohol, and carbon 
monoxide, which act directly upon the protoplasm, and possibly, accord- 
ing to some pathologists, prevent in some way the storage of oxygen. 
(3) In many cases, the failure of the cell must be regarded as a senile 
change and dependent upon exhaustion of the inherited vital capacities 
of the cell. This is possibly a factor in the fatty degeneration of 
eancer-cells, which may occur independently of any limitation of the 
blood-supply. ’ 


Appearances.—1. Microscopic.—The microscope is necessary for 
4 
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the recognition of the earliest stages of this degeneration. The fat 
appears as minute granules, first of all 
Fie. 14. in the protoplasm of the affected cells 
a b and later on in the nucleus. The 
granules—characterized by their sharp 
contour, strong refractive power, stain- 
ing-reaction (black with osmic acid), 
insolubility in acetic acid, and solubil- 
ity in ether—gradually increase in 
number, till the whole of the proto- 
Fatty degeneration of cells. a, from a plasm may be transformed ; some of 
cancer; b, from the brain in chronic Pee 
softening? 45°00. them may coalesce and form distinct 
droplets of fat. As the process ad- 
vances the cells increase in size and become more globular in shape ; 
a little later, the nucleus is involved, the cell-wall, when this exists, is 
destroyed, and the cell is converted into a mass of fat-granules known 
as a granule-cell (Fig. 14). 

Granule-cells may be of two kinds: (1) dead or dying cells con- 
verted into masses of cohering fat-granules, or (2) living leucocytes 
(granule-carriers) which have taken up fat-granules from a focus of 
degeneration—probably to convey them into the lymphatics and thus 
effect absorption. Connective tissue and neuroglia-cells near foci of 
degeneration similarly become charged with fat-granules. Fatty gran- 
ules may be distinguished from the albwminous granules of cloudy 
swelling by their larger size, their higher refractive power, their insolu- 
bility in acetic acid, their solubility in ether, and their staining-reaction 
with osmic acid. 

2. Naked Eye.—In advanced stages fatty degeneration produces 
definite naked-eye appearances. These are: (1) slight or moderate 
swelling, which however is often replaced by more or less shrinking 
of the organ when absorption of the fat is going on, as in advanced 
acute atrophy of the liver; (2) admixture of an opaque yellow color 
with the normal tint of the tissue, often in the form of patches, spots, 
or streaks, as extreme degrees of the change are usually reached only 
in limited areas ; and (3) loss of elasticity with diminished consistence 
—the organ being flabby and friable, and its capsule wrinkling easily. 
When a section is cut, fat may be found upon the knife, and the 
normal distinctness of the structure is obscured. 


Terminations.—1. Absorption.—The fatty particles into which the 
cells have been transformed are, under favorable circumstances, readily 
absorbed. The degenerative process may cease and the fat be removed 
before the part has been dangerously involved. Such recovery proba- 
bly occurs frequently—for example, in the kidneys and heart. Also 
when the elements are completely .degenerated the fatty debris is 
usually removed by absorption. This is seen in the fatty degeneration 
and absorption of the inflammatory products occurring in croupous 
pneumonia; in the degeneration and absorption of the cells of new- 
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growths—leading to central “cupping” or “umbilication” of nodules, 
or to shrinking of the whole mass (atrophic scirrhus); and in the 
degeneration of small damaged areas, such as result from embolism, 
thrombosis, or hemorrhage in the brain or other organ, As the result 
of such absorption there may be left a meshwork of vessels and con- 
nective tissue from which the essential cells have disappeared, as in 
the later (red) stage of acute yellow atrophy of the liver; or there 
may be an ordinary scar, from the development of fibrous tissue ; or, 
lastly, a cavity containing clear fluid may remain. For absorption to 
occur, the tissues round the degenerated cells must be freely supplied 
with blood. 

2. Caseation.—In this mode of termination the fatty products are 
not absorbed, but are gradually converted into a yellowish friable 
material, which has been compared to soft cheese. It is generally 
said to result from disproportion between the degenerated mass and 
the vessels by which absorption might be effected—a disproportion 
which is, in the first instance, the principal cause of the degeneration. 
It is most frequent, therefore, in parts which contain but few vessels, or 
in which the vessels become obliterated by pressure from without, or 
by narrowing of their lumen by endarteritis. Caseation is, conse- 
quently, most often met with in tubercular and gummatous masses, 
and in rapidly growing carcinomata and sarcomata. 

Cheesy masses are constantly met with in the lymphatic glands, 
the brain, the bones, and especially in the lungs. Considerable con- 
fusion has arisen as to their nature and origin. Formerly all cheesy 
masses were regarded as essentially tubercular, and it is true that 
tubercular lesions have a greater tendency than any others to caseate 
fully, and to form typical cheesy collections. (See Tuberculosis.) But, 
as just stated, other formations may undergo a change which is prac- 
tically indistinguishable ; so caseation cannot be regarded as proving 
more than the previous occurrence of fatty degeneration. A caseous 
mass is tubercular only when it is due to the presence of the Bacillus 
tuberculosis. 

The process consists in a gradual drying up of the degenerated 
elements ; the fluids are absorbed, the cells—many of which are incom- 
pletely degenerated—shrivel and atrophy, the fat undergoes partial 
saponification, cholesterin forms, and the tissue thus becomes con- 
verted into a soft, yellowish-white cheesy substance, composed of 
atrophied cells, fatty débris, and cholesterin-crystals. This cheesy 
material may gradually dry up more and more, and ultimately become 
encapsuled by a layer of fibrous tissue, and even calcified. In other 
cases it may undergo a process of softening and liquetaction. (See 
Calcification, and Chronic Abscess.) 


Results.—The effect of fatty degeneration is to impair, and sonie- 
times, as in the case of the heart, even to arrest function. Recovery is 
possible only in the earlier stages. 
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Fatty Accumulation in the Liver. 


In the liver fatty accumulation is exceedingly frequent, constituting 
what is commonly known as the fatty liver. This is largely due (1) to 
the excess of fat and carbohydrates in the portal blood; (2) to the 
deposition of fat from the metabolism of proteid during the formation 
of urea; and (3) to the low pressure and slow circulation in the portal 
vessels—conditions least favorable to metabolism, and most favorable 
to deposition. An accumulation of fat in the liver may occur under 


Fatty liver. From a case of general tuberculosis. The fat is unstained, and is represented by 
the pale areas in the periphery of the lobules. a, a, a2, a3, fat in the peripheral cells; b, 
small branch of portal canal; c, peritoneal surface; d, d!; d2, d3, recent tubercular foci; e, é, 
intralobular veins. X 24. ‘ 


two opposite conditions of nutrition. In the first of these there is 
general obesity, and the excess of fat accumulates in the liver as well as 
in other parts; in the second there is general emaciation, anemia and 
other conditions leading to diminution in the nutritive power of the 
blood and diminished vitality of the liver-cells. The liver in phthisis 
is an example of the second of these conditions, the defect in the blood 
being, in this case, increased by the presence of bacterial products which 
affeet the metabolism of the cells. 

Physiological Accumulation—The liver-cells always contain a small 
quantity of fat. Ingestion of food rich in fat is followed by a temporary 
excess of fat in the portal blood, and by the consequent deposition and 
temporary accumulation of part of this in the liver-cells. This fat is 
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principally deposited in the peripheral cells of the lobules—that is, in 
those which are in immediate contact with the capillaries of the portal 
vein. After filling these it gradually passes to the central cells. It is 
ultimately conveyed again into the circulation, This process goes on 
until the excess of fat is removed from the blood and the cells regain 
their former character. There is thus a transitory accumulation of fat 
within the liver-cells, but the vitality of the cells is not impaired 
thereby. 

Pathological Accumulation.—The fatty liver is one which constantly 
contains an abnormal quantity of fat, and here also, as the fat is usually 
deposited from the blood in the portal capillaries, 
the increase is first observable in the external zone 
of the hepatic lobules (Fig. 15). It accumulates 
within the cells as minute globules which increase, 
coalesce, and form large drops of fat. These ulti- 
mately distend the cells, which become larger and 
more globular (Fig. 16). As the process advances, 
the accumulation spreads from the periphery toward 
the centre of the lobule, until its whole mass may be 
involved, and all its cells distended with fat. The 
vitality of the cells is not materially impaired by 
the change, as is shown by the presence of bile in — Liver-cells in various 


the intestine and in the gall-bladder. In some stages of fatty ac- 
j l s the ; lati £"fat is st cumulation. X 300, 
exceptional cases the accumulation of fat 1s mos (Rindileisch.) 


marked around the intralobular veins. In these 

Virchow suggests that the fat is becoming excreted, and that only the 
last cells retain a little of it. In cases of extreme fatty accumulation, 
such as sometimes occurs in persons dying of cancer or phthisis, a sec- 
tion of the liver may look exactly like ordinary adipose tissue, being 
distinguishable from it only by a faint appearance of a radiating struc- 
ture here and there, or an occasional section through the portal canal 
and its contained vessels. 

To the naked eye, the fatty liver is generally increased in size—in 
advanced stages to perhaps twice the normal. The surface is smooth, 
the edges are thickened and rounded, and the specific gravity is dimin- 
ished so that detached portions may float in water, although the absolute 
weight of the whole organ may be increased. If the accumulation of 
fat is slight, involving merely the portal zone of the lobules, the cut 
surface presents a mottled appearance, the external fatty zone being 
opaque yellowish white, whilst the centre is unaltered, or is hyperemic 
and appears as a red spot ( fatty nutmeg-liver). The more extensive the 
accumulation the larger is the pale zone, and ultimately, when the whole 
lobule is involved, there is left in the centre only a reddish-brown 
point, marking the position of the intralobular vem. In many cases 
even this point is lost: then the organ is of an almost uniform opaque 
yellowish-white color, and the houndary between the individual lobules 
may be completely obscured. In exceptional cases the accumulation of 
fat is much more abundant in some portions of the liver than in others, 
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so that on section yellowish points and streaks are seen scattered over 
its surface. The consistence of the organ is much diminished, it feels 
doughy, and pits on pressure with the finger, while the knife used to cut it 
becomes coated with oil. The pressure exercised by the accumulated 
fat produces considerable anemia of the organ, but the interference with 
the circulation is never sufficient to cause ascites, hemorrhage, or other 
evidences of portal congestion. 


Fatty Accumulation in Muscle. 


1. Fatty Accumulation in Voluntary Muscle.—The cells in the connec- 
tive tissue which surrounds the fasciculi of the muscle may become filled 
with fat: this development of fat between the muscular fasciculi (Fig. 
17) must not be confounded with degeneration of the fibres themselves. 
The interstitial fat thus produced varies in amount. In some cases 
single rows of fat-cells alternate with rows of muscular fasciculi; at 
other times the accumulation is less regular, more existing between 
some fibres than between others: in all but the most advanced cases, 
however, the muscular elements may, under the microscope, be discov- 
ered lying amongst the fat—even though to the naked eye the muscle 
appears to be entirely converted into fat. Ultimately the muscular 
fibres may undergo true fatty degeneration, and waste until they com- 
pletely disappear. 

This form of fatty accumulation is frequent in animals which have been 
artificially fattened—the fat being also increased in the usual situations. 
It may also occur in muscles which from any cause have been incapaci- 
tated for some time, and in which, consequently, the circulation is reduced 
toaminimum. Thus it is found in long-standing paralyses from lesions 
of the brain or cord (upper segment), and in muscles which have been 
rendered useless by ankylosis of a joint. In progressive muscular 
atrophy and in chronic lead-poisoning the affected muscles exhibit this 
change, together with true fatty degeneration. 

2. Fatty Accumulation in the Heart—This is not infrequent in gen- 
eral obesity, and after pericarditis followed by adhesion of the two con- 
tiguous surfaces. It must be carefully distinguished from the much 
graver condition of fatty degeneration. In health there is a varying 
amount of fat beneath the visceral pericardium, always most abundant 
around the vessels in the grooves between the auricles and ventricles. 
In fatty accumulation this may increase so as to cover the right ven- 
tricle, but the left is rarely, if ever, completely enveloped : at the same 
time the fat may push in along the vessels between the muscular fibres, 
so that, on the right side, to the naked eye, all appearance of muscular 
structure may be lost, the walls looking like a layer of fat, perhaps 
half an inch thick. In hearts less affected, striae of fat will be seen 
lying amongst the muscle (Fig. 17). ‘The fat is always most abundant 
near the surface, the muscular structure becoming more evident toward 
the endocardium : at the base of the ventricles thick villous processes 
may form. 
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The interstitial fat displaces and compresses the muscular fibres 
between which it lies, and diminishes the blood-supply and contractile 
power of the muscle, perhaps ultimately causing true fatty degeneration 
of the muscle. The two processes often coexist. Fatty accumulation 


Fatty accumulation in the heart: A section from the outer part of the left ventricle, showing 
growth of fat (f) between the muscular fibres. In some places fatty degeneration is com- 


mencing (d). « 200. 


is probably possible only as the functional activity of the muscle dimin- 
ishes, and the continued action of the causes leading to this depression 
would ultimately cause degeneration of the fibres. Fatty degeneration 
and wasting of muscular fibres, on the other hand, are very likely to be 


followed by accumulation of fat in the interstitial tissue. 


Fatty Degeneration of Muscle. 


Both striated and non-striated muscle may be the seat of fatty de- 
generation. In both, the muscle-cells are the seat of the change ; they 
become filled with fat-granules and are ultimately destroyed: the pro- 
cess thus differs essentially from fatty accumulation. 

1. Non-striated Muscle——Fatty degeneration is frequently met with 
in the middle coat of arteries undergoing atheroma and in the muscular 
fibres of a uterus in process of involution. 

2. Striated Muscle——Both the voluntary muscles and the walls of 
the heart show identical changes. The earliest stage of the affection is 
characterized by an indistinctness in the transverse markings of the 
fibres, which in many parts become studded with minute particles of 
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fat (Fig. 18). These gradually increase in number and size, but at 
first remain small, and are usually distributed somewhat irregularly 
within the sarcolemma. In some parts single or parallel rows of gran- 
ules are found running along the length of the fibre ; in others they are 
grouped around the nuclei, which they seem to lengthen, or arranged 
in transverse lines corresponding with the strie of the muscle. The 
fibres become extremely friable, and are readily broken up into short 
fragments. As the process advances the transverse markings entirely 
disappear, and nothing but molecular fat and oil-globules are seen 
within the sarcolemma (Fig. 19). It has recently been affirmed that 
in some cases the striation is merely obscured by the fat-droplets, and 
that these are in the early stages confined to the interfibrillary sarco- 
plasm. The sarcolemma itself may ultimately be destroyed, and 


Fie. 18. 


Acute fatty degeneration of heart and of other muscles (unstained), From a girl suffering from 
slight valvular disease of the heart, who died after profuse menstrual hemorrhage and yom- 
iting. a, heart; b, rectus abdominis. > 400. 

nothing remain of the original fibre but the fatty débris into which its 

albuminous constituents have been converted. This is true “ fatty de- 

generation ” of muscle. 

This change, is seen in muscles paralyzed from “lower segment” 
lesions, such as progressive muscular atrophy and multiple neuritis. 

It is in the heart, however, that fatty degeneration of muscle is 
most frequently met with, and here it assumes a most important aspect 
from the deleterious tatenee which it exercises upon the motor power 
of the organ. The degeneration may be diffuse or circumscribed ; slight 
or advanced ; acute or chronic. The wider the extent of tissue that is 
affected, the less advanced, as a rule, is the degree of the degeneration. 
It is in those cases in which only Ponti tracts of tissue are involved 
that the process is met with in its most advanced stage. | 
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When the change is slight, as in the diffuse form, the muscle is 
somewhat softer and more flabby than natural ; it is more friable, and 
often breaks with a soft granular fracture; while its color is rather 
paler and more opaque than that of healthy cardiac tissue. The 
microscope shows the muscular fibres to have lost to some extent 
their striation, and to contain granules of fat (Figs. 18 and 19). 

The diffuse form of degeneration often occurs rapidly and is caused 
by those general disturbances of metabolism already alluded to (p. 49). 

There is no clear line dividing the diffuse from the circumscribed 
form. Sometimes the degeneration, although more or less gencral 
and due to general causes (p. 49), is much more advanced in some 
parts than in others. 

The cireumscribed form is generally due to some interference with 
the circulation in the coronary arteries. This occurs especially in con- 


Fic. 19. 


Fatty degeneration of the heart. From a case of pernicious anwmia. The protoplasm is re- 
placed by globules of various sizes stained black by osmic acid. The outlines of the fibres 
are irregular owing to inequality in their distention. X 400. 


nection with aortic incompetence, and explains the early failure of 
cardiac power in this form of valvular disease. Atheromatous changes 
at the orifices of these arteries lead in the same way to diffuse fatty de- 
generation. Adhesive pericarditis and myocarditis act similarly ; they 
hamper the heart mechanically, and the cause of the inflammation acts 
injuriously on the muscle-cells. 

In such cases the heart presents a mottled appearance ; opaque, 
pale yellowish or brownish patches are seen irregularly distributed 
throughout its substance. These patches, which vary considerably 
in size and form, are met with especially in the one —— 

‘ ee j avers of fibres immediately beneat 
the columnz carne, and in the layers lg = ee 
the erdocardium. They may also occur beneath the pericé é 
in the deeper portions of the organ. They correspond with the most 
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degenerated portions of the tissue. They are flabby, and have a soft 
consistence, tearing readily under the finger. Under 
Fig, 20. the microscope, the fibres are seen to be in an advanced 
stage of fatty degeneration, containing particles of fat 
and oil-globules, which in many parts have escaped and 
lie free among the surrounding but less degenerated 
tissues. These more localized degenerations are most 
common in old people, and usually result from consider- 
able disease of many of the small branches of the 
coronary bloodvessels, and not from conditions of 
one general anemia. The peripheral layers of the mus- 
showing the CUlar walls also frequently undergo extensive fatty 
granules of degeneration as the result of pericarditis. The connec- 
peer tion between these localized degenerations and the occur= 
of the fibres, Tence of rupture or of aneurism of the heart is described 
The latter jn the chapter on Diseases of the Heart. 
eas = ae Brown Atrophy of the Heart.—Somewhat allied to, 
gone slight and occasionally associated with, fatty degeneration of 
fatty degen- the heart, is the condition known as brown atrophy or 
eration. x . : . . 
Noe: pigmentary degeneration. This consists of a gradual 
atrophy of the muscular fibres, together with the forma- 
tion of granules of brownish-yellow or blackish pigment. These 
granules of pigment, which are probably the coloring-matter of the 
muscle, are either grouped in clusters around the nuclei or more 
generally distributed within the fibres. The fibres are frequently, at 
the same time, the seat of more or less fatty degeneration (Fig. 20). 
This change usually occurs as a senile one, or as a part of general 
marasmus from other causes. It is also met with in some cases of 
cardiac hypertrophy. Its recognition is in most cases impossible with- 
out the aid of the microscope. 


Fatty Degeneration of Bloodvessels. 


Primary fatty degeneration of bloodvessels is in most cases a senile 
change, but is not infrequently met with in young and apparently 
healthy persons. It is then, in all probability, due to deleterious 
substances in the blood or to some interference with the normal 
circulation. 

Fatty Degeneration of Arteries—This may be primary, or secondary 
to atheroma or other inflammatory condition of the vessels. (See 
Arteries.) 

Primary fatty degeneration may affect any or all of the coats of 
the artery, but is most commonly met with in the inttma. The change 
usually commences in the endothelial and subendothelial cells, small 
groups becoming affected in various parts of the vessel. It may 
gradually extend from within outward, the intercellular substance 
softening, until, in exceptional cases, the whole thickness of the intima 
is destroyed (Fig. 21). 
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In the earlier stages this condition is recognized by the existence 
of small, irregular, opaque, yellowish-white patches, projecting very 
slightly above the surface of the intima. These are often met with on 
the linmg membrane of the aorta. They are in most cases readily 
distinguishable from atheromatous patches by their superficiality and 
by the facility with which they can be stripped off from the subjacent 
layers, which present a natural appearance. In many cases the change 


Fatty degeneration of the internal coat of the aorta. Small yellowish-white patches were scat- 
tered over the lining membrane of the vessel. A very thin layer was peeled off. The 
groups of fat-globules and their distribution in the intima are shown. X 200. 


is limited entirely to the innermost layers of the vessel. The more the 
subjacent tissues are involved, the greater is the irregularity in the 
shape of the patches, and the less readily can they be separated with 
the forceps. 

The opaque patches occasionally break down. For this to happen, 
the cells must become destroyed by the fatty change and the inter- 
cellular substance softened. The granular débris thus formed is car- 


Fig. 22. 


Fatty degeneration of small vessels of the pia mater. From a case of chronic Bright’s disease. 
a, a small artery, the coats of which are somewhat thickened ; }, a capillary, in which are 
seen a few red blood-corpuscles. 400. 


ried away by the circulation, leaving small, irregular, superficial erosions 
upon the lining membrane of the vessel. These may eventually heal 
by proliferation of the marginal cells. : 

Fatty degeneration is also liable to affect the media—especially the 
muscle-cells (Fig. 22)—and in this situation Its injurious influence is 
most marked. Here, by diminishing the elasticity and contractility of 
the vessel, it causes degenerative changes in the parts which it sup- 
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plies, and may even lead to rupture of the affected vessel itself. This 
is exemplified by many cases of chronic cerebral softening and cerebral 
hemorrhage, although in such instances atheroma is generally associated 
with the simple fatty changes. In the larger arteries, as the aorta, it 
is of much less importance than atheroma, which has a far more dele- 
terious effect. : 

Fatty Degeneration of Capillaries—Fatty changes are also found in 
the capillaries, especially in the nervous centres and the kidneys in 
Bright’s disease (Fig. 22, 6.). The process commences around the 
nuclei of the endothelial cells, and may involve considerable areas of 
the capillary wall, so that rupture is often the ultimate result. This is 
common in the smallest Gerebral bloodvessels, where it is sometimes a 
cause of cerebral (capillary) hemorrhage. 


Fatty Degeneration of the Kidneys. 


Fatty degeneration of the kidneys frequently occurs as a result of 
inflammation of these organs. It is also met with in acute yellow 
atrophy of the liver and in chronic wasting diseases, especially in 
chronic pulmonary tuberculosis. It isa result of phosphorus-poisoning, 
pernicious anzemia, and amyloid degeneration. 

For fatty changes in the tissues of the nervous system, see the 
chapter on Diseases of Nervous System. 


MUCOID DEGENERATION. 


Mucoid, colloid, hyaline, and amyloid degenerations resemble one 
another in the structureless appearance of the new material. The 
chemical composition of the degenerative product is not absolutely con- 
stant in any one of the four. According to some authorities, hyaline 
and colloid changes should, for practical purposes, be regarded as iden- 
tical; for while there is no clear distinction between them, they both 
include many complex proteid substances resembling one another in 
their gelatinous consistence. Other pathologists, again, class hyaline 
with amyloid degeneration, regarding the former as an early stage of 
the latter. 

In mucoid degeneration the affected tissues are transformed into a 
soft or semifluid substance which, in its final stages, contains mucin. 

The cause of mucoid degeneration is unknown. Throughout life a 
mucoid change occurs physiologically in the secretion of mucus; a 
clear drop of mucus appears in the protoplasm and increases till the 
cell bursts and the mucus is evacuated, the cell, asa rule, net being 
destroyed. 


Seats.—Mucoid degeneration may affect both cells and intercellular 
substance. It is met with (1) in catarrh of mucous membranes, the 
transformation occurring much more rapidly than under normal condi- 
tions, and the cells being often cast off ; and (2) as a gradual change in 
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connective tissue, in cartilage (especially the intervertebral and costal 
cartilages of old people), in bone, and in many new-growths, including 
those of the connective-tissue type, as well as cancers, in which it may 
affect both cells and matrix. Ovarian tumors may also undergo mu- 
coid degeneration. 


Appearances.— Uiule the microscope these are the same as in the 
physiological process, but the cells are more frequently destroyed. To 
the naked eye, the affected parts are transformed into a homogeneous, 
colorless material, of a soft, mucilaginous, jelly-like consistence. When 
the change is limited to isolated portions of the tissue, the softened 
parts often present the appearance of cysts. These are most frequently 
met with in the costal cartilages and in new-growths. 

Myxedema, a disease due to atrophy of the thyroid body, was so 
named on the supposition that the swollen connective tissue character- 
istic of the disease contained a large quantity of mucin, It has, how- 
ever, since been shown that at the time of death the proportion of mucin 
in the skin is only slightly, if at all, in excess of the normal amount. 


COLLOID DEGENERATION. 


Colloid degeneration consists in the metamorphosis of cell-proteplasm 
into a substance known as colloid. Chemically, this is said to differ 
from mucin in containing sulphur and in not being precipitated by acetic 
acid or alcohol ; moreover, it swells when treated with 
acetic acid. In all probability the name is applied to Fra. 23. 
different substances varying widely in composition, 

In the adult, many vesicles of the thyroid nor- 
mally contain some colloid; it is only when the for- 
mation of this material becomes general and excessive, 
producing one form of goitre, that the process is to be 
regarded as pathological. 

The cause of this form of degeneration is unknown. 


Seats.—Colloid degeneration occurs most fre- 
quently in the thyroid; then in certain new-growths, 


Colloid cells, from 


both sarcomata and carcinomata, the secondary growths colloid eaceun 
undergoing the same change. Ovarian tumors often (Rindfleisch.) 


contain colloid. 


Appearances.— Microscopically, the first change observed is the 
appearance of one or two small masses of colloid in a cell (Fig. 23). 
These coalesce, enlarge, and push aside the nucleus until all the 
protoplasm is replaced and the cell is considerably swollen. The 
nucleus usually atrophies and disappears, but may become colloid, 
Neighboring cells coalesce into small masses, and these again into 
larger, which not uncommonly look as if they were concentrically 
laminated (Fig. 24). Thus cavities full of colloid are formed. The 
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intercellular substance atrophies rather than degenerates, whereas in 
mucoid degeneration it is frequently affected by the morbid process. 


Colloid cancer, showing the large alveoli, within which is contained the gelatinous colloid 
material. > 300. (Rindfleisch.) 


To the naked eye, colloid is a colorless or pale-yellow, glistening 
substance. It has the consistence of rather soft gelatin, which it much 
resembles, and can thus be distinguished 
Fic. 25. from the products of mucoid degenera- 
tion. Quite small points of colloid catch 
the eye: they do not stain brown with 
iodine, nor rose-red with methyl-violet 
(p. 65). In advanced stages colloid may 
soften ; and the softened masses, separated 
by septa of comparatively undegenerated 
tissue, give the appearance of cysts in a 
tumor. 


Zenker’s Degeneration of Muscle. 


Seats.—This change is generally re- 
garded as a form of colloid or hyaline 
A portion of the soleus muscle, from degeneration. It was first found by 

a case of typhoid fever, showing =Zenker in the muscles in typhoid fever 

two degenerated and one normal hie | sati ailanniceeda 

imuscle-Abremt = abo! —chietly the rect abdominis, adcauctors 

of the thigh, the diaphragm- and tongue- 

muscles. It occurs, though less often, in other infective febrile diseases, 

such as smallpox and cerebrospinal meningitis; im trichinosis; in 

abscesses and tumors of muscle; and in the neighborhood of burns 
and bruises—either before or after systemic death. 


Appearances.— Microscopically, the altered fibres are much swollen 
and the transverse striation is lost. The sarcolemmata are occupied 
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by a homogeneous, structureless material, which is exceedingly brittle, 
and usually presents a wrinkled appearance, or is broken up trans- 
versely into irregular fragments (Fig. 25). 

The portions of muscle affected are, to the naked eye, semi-opaque, 
pale, slightly lustrous, of a reddish-gray or brownish-yellow color, and 
abnormally friable. They appear somewhat like the muscles of frogs 
or of fish. In no part are all the fibres affected. The damaged fibres 
are regenerated in the usual way. 


Etiology.—T wo views are held concerning this change. According 
to some pathologists, it is a variety of degeneration or coagulation- 
necrosis in which the muscle-fibres become brittle, and generally rup- 
ture. Thus, Babes regards it as a coagulation-necrosis due to the action 
of the toxins of the typhoid bacillus. According to others, the muscle- 
fibres rupture from weakening due to granular degeneration or to damage ; 
while the appearances just described are regarded as the ordinary mani- 
festations of tissue-death, as they can be produced experimentally by 
rupturing the fibres. 


HYALINE DEGENERATION. 


This term is either used as synonymous with colloid or is reserved 
for a certain stage in a change peculiar to arteries and connective tissue, 
in which the new material is indistinguishable from colloid and fre- 
quently found associated with amyloid degeneration. 


Seats.—The chief seats of this change appear to be the arteries of 
the brain and of lymphatic glands. In arterioles the intima is here and 
there converted into a shining thickened layer, giving rise to irregular 
spindle-shaped enlargements: in larger arteries becoming aneurismal, 
the degenerative change follows the increased growth of connective 
tissue which occurs at the weakened spot. It may also be found in 
fibrous tissue of inflammatory origin. 

When hyaline degeneration occurs in conjunction with amyloid 
change, it generally seems to be the immediate precursor of the latter. 


AMYLOID DEGENERATION. 


(Syn.: Waxy, Albuminoid, or Lardaceous Degeneration.) 


Amyloid degeneration is characterized by the appearance in the 
tissues of a firm, colorless, translucent substance, known as amyloid or 
lardacein. This substance offers an exceedingly prolonged resistance to 
gastric digestion and exhibits characteristic staining-reactions. 


Seats.—The change is widely distributed. It may be found in 
almost any organ ; those most frequently affected are the spleen, liver, 
kidneys, intestines, and lymphatic glands. Less frequently, and 
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especially when the change in the organs just mentioned is advanced, 
minor degrees of it may be found in the stomach, suprarenal capsules, 
pharynx, cesophagus, bladder, prostate, generative organs, serous mem- 
branes, the membranes of the brain and cord, and muscle. There is no 
rule as to the order in which the organs are affected. As a local 
change, distinct from the above, it occasionally affects pathological 
products, as old thrombi, inflamed glands, scars (especially syphilitic), 
and tumors. 


Appearances.— Microscopically, the morbid substance usually 
appears first in the subendothelial connective tissue of the arterioles 
and capillaries (Figs. 26, 28, 30), and in the media of the former; the 
endothelium is unaffected and the adventitia usually escapes. The 
change greatly diminishes the lumen of the vessel ; it does not affect 
the walls of the latter uniformly, but frequently causes spindle-shaped 
enlargements. The vessels of many parts escape entirely, and the dis- 
tribution of the change in an affected organ may be quite irregular, 
while the primary change may even occur in connective tissue apart 
from the vessels. 

With regard to the further spread of the change, all authorities are 
agreed that the connective tissue in every affected organ suffers most, and 
swells into homogeneous waxy-looking masses which frequently coalesce. 
Between these the fatty and shrivelled cells of the organ may be seen 
(Fig. 28). These rarely, if ever, undergo amyloid degeneration, 

Organs in which amyloid degeneration is at all advanced present 
features so characteristic that its presence can be readily recognized by 
the naked eye. They are considerably and uniformly enlarged, any 

edges they may possess becoming more 
Fie. 26. or less rounded. Their absolute weight 
is increased, and also their specific 
gravity; their surface is smooth, and 
the capsule tense and stretched ; their 
consistence is firm and somewhat elas- 
tic. On section, they exhibit a pecu- 
liar homogeneous, glistening, translu- 
Fragments of capillaries which have cent appearance, somewhat resembling 
undergone amyloid degeneration, white wax. -Owing to the diminished 
aes calibre of their bloodvessels and to the 
pressure exercised by the new material, they contain but little blood, 
and hence are always pale in color. In slighter degrees of the change, 
spots and patches of the morbid material may be scattered, like grains 
of boiled sago, through the affected organs. Although the above 
characters are sufficiently distinctive in advanced stages, the color- 
reactions mentioned below should always be used, for they will reveal 
altered patches—e. g., in intestine—not obvious without them. For 
the recognition of the degeneration in its earliest stage the microscope 
is also necessary. 
Chemical Nature.—By submitting affected organs to gastric 
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digestion, the substance may be obtained almost pure. It has been 
shown by Krawkow to be composed of an organic acid (chondroitin- 
sulphuric), combined with some form of albumin. The latter portion 
of the compound seems to vary in composition. 

With regard to its color-reactions, the best for naked-eye purposes is 
that with iodine. To obtain this, wash a thin slice of an affected organ, 
and pour over it a watery solution of iodine, made by diluting the 
tincture with three times its bulk of water. In this way the amyloid 
portions are at once stained dark mahogany-brown, the healthy tissues 
assuming a bright-yellow color. If this surface be treated with a 10 
per cent. solution of sulphuric acid, the degenerated parts frequently, 
but by no means invariably, assume a dark-greenish hue. 

The iodine-reaction quickly fades, and, therefore, is useless for per- 
manent preparations. It is occasionally given with other albuminous 
compounds, and cannot always be obtained in the earliest stages of 
amyloid degeneration. 

For microscopic purposes, the most reliable reaction is that obtained 
by staining the sections with methyl-violet (1 per cent. watery solution). 
After some hours the amyloid parts are stained bright magenta, and the 
rest of the tissues blue. This staining is more permanent than that by 
iodine. In advanced stages of the disease, a useful reaction may be 
obtained by staining sections with iodine, mounting them in glycerin, 
and placing at the edge of the cover-glass a very small quantity of 
strong sulphuric acid: in about twenty-four hours, the amyloid tissues 
will be found stained blue. 


Etiology.—Amyloid degeneration is said to be commoner in males 
than in females, and to originate below the age of thirty. It is almost 
always secondary to prolonged and profuse suppuration, and is com- 
monly associated with chronic tubercular disease of lung, bone, joint, or 
kidney ; with empyemata and septic compound fractures; and, less 
frequently, with dysentery, actinomycosis, and the cachexia of tertiary 
syphilis, especially when there is chronic bone disease. Rarely it 
appears in the cachexie of severe malaria, of leucocythzmia, and of 
cancer ; and very rarely, especially in children, the degeneration may 
seem to be primary. 

The degeneration may appear in two to three months, or, under 
apparently similar cireumstances, its onset may be long delayed, espe- 
cially in young children. Like hectic fever, it occurs much more readily 
as a result of suppuration in an ill-drained cavity than from a cutaneous 
ulcer, upon which the pus cannot accumulate under pressure, and from 
which, therefore, toxins are not so likely to be absorbed. a” 

Lubarsch produced the change experimentally in animals, by exciting 
and maintaining suppuration by means of cultures of the Staphylococcus 
pyogenes aureus, and proved its presence in a portion of the spleen 
which he excised. The animals were then allowed to recover from the 
suppuration and subsequently killed, when the remainder of the spleen 
was found free from any trace of amyloid degeneration. 

5 
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According to some unconfirmed observations, the change may also 
follow suppuration induced by injections of turpentine or of the toxins 
of the Bacillus pyocyaneus. The variations in the chemical composi- 
tion and in the staining-affinities of amyloid, and the varied conditions 
under which it occurs, certainly suggest the possibility of variety in its 
causation. 


Effects.—The diminution of the blood-supply, due to narrowing of 
the arterioles combined with the direct pressure of the new material, 


causes the atrophy and fatty degeneration of the essential cells which — 


nearly always occur in organs undergoing amyloid degeneration. The 
change in the vessel-walls alters the quantity and quality of the trans- 
udation, as is shown by the changes in the urine when the kidneys are 
affected (p. 70). 

Removal of the cause—e. g., chronic suppuration—of amyloid de- 
generation may lead to arrest of the deposit and to its disappearance 
from the diseased organs, even in marked cases; but in the great 
majority of instances the change is steadily progressive, and terminates 
fatally. 


Pathology.—Krawkow obtained a compound very similar to amy- 
loid from the normal aorta of a horse, as well as from cartilage and the 
organic framework of bone, so that, as in other cases, it is possible that 
amyloid degeneration has a physiological prototype. 

From the facts already cited, it is highly probable that the degen- 
erative product in amyloid disease is not always exactly the same, and 
that it cannot always be sharply marked off from the products of other 
degenerations. The experiments of Lubarsch and others, quoted above, 
show that the disease may be due to the presence of the toxins of the 
Staphylococcus pyogenes aureus. It is further probable that the degen- 
eration is always due to the action of some bacillary toxin which affects 
the metabolism of the cells, and leads to the formation and deposition 
of unusual derivatives of albumin. The disease is usually classed 
among the degenerations (p. 38). 


Amyloid Degeneration of the Liver. 


Microscopically, the earliest changes are observed in the walls of the 
capillaries and arterioles of the hepatic artery ; and, very rarely, in the 
capillaries of the portal vein. Thence the deposit spreads to the intra- 
lobular connective tissue round the affected vessels, ultimately reaching 
and affecting the tissue between the lobules and leading to confusion of 
their outlines. The connective tissue swells into homogeneous columns 
which split readily into flakes, somewhat suggestive, under a low power, 
of masses of degenerated liver-cells or even of whole lobules (Fig. 27). 
Careful examination (p. 65), however, reveals, between the amyloid 
masses, the liver-cells more or less atrophied and pigmented, the periph- 
eral cells, especially, being infiltrated with fat (Fig. 28). 
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To the naked eye, the amyloid liver possesses the typical characters 
already described (p. 64). If the change is very far advanced, the 


Amyloid liver. Part of a lobule, showing masses of amyloid, and the greater implication of the 
intermediate and central zones. Toward the periphery are seen a number of fat-globules, 
a certain amount of fatty accumulation being associated with the amyloid change. v, Intra- 
lobular vein. > 100, 


tissue may be perfectly homogeneous, all distinction between the indi- 
vidual lobules being lost. In other cases the lobules are distinctly 
mapped out; they are enlarged, and the external zone may be of an 
opaque yellowish-white color owing to the presence of fat. This asso- 


Fig. 28. 


Amyloid degeneration of liver, showing the fatty shrunken liver-cells full of dark granules. 
The paler homogeneous masses are the swollen capillaries which have undergone amyloid 
degeneration. In two places the nuclei of the cells forming the walls of the capillaries are 


visible. 650. 


ciation of the fatty and amyloid changes is exceedingly common. Amy- 
loid degeneration does not obstruct the portal circulation, and hence 
does not cause ascites (see “Cirrhosis of Liver”), except in those rare 
cases in which the portal vessels are involved. It causes fatty degen- 
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eration and atrophy of the hepatic cells, and thus interferes with the 
functions of the organ. 
Tf sections are stained with iodine, the mahogany color will frequently 
be found limited to the so-called “ inter- 
Fig. 29. mediate zone” of the lobules—the area 
A of distribution of the hepatic artery. 
The appearance thus produced is that 
of a number of partially compressed 
rings with pale centres, and still paler 
intervening spaces (Fig. 29). Thus 
the earliest seat of amyloid degenera- 
tion differs from that of fatty infiltra- 
tion, in which the fat first accumulates 
in the cells of the outer or portal zone 
oe (Fig. 15), and from that of passive 
Amyloid liver. Stained with iodine. congestion, in which the changes begin 
The darkest portions represent the in the central zone around the intra- 
affected intermediate zones. Natural : 
eee lobular vein. All these changes not 
uncommonly occur together. As the 
amyloid change advances, first the central zone and later on the pe- 
ripheral zone are affected, and even the interlobular connective tissue 
may ultimately become involved. 


Amyloid Degeneration of the Kidneys. 


Microscopically, the degeneration is first observed in the Malpighian 
bodies (Fig. 30). At first only a few of the capillary loops in each 
tuft are affected, but all the loops gradually become involved. The 
whole coil then presents an ill-defined outline and glistening surface. 
The change in the meantime extends to the afferent arteries, to the 
capillary network around the tubules, to the arteriole recte of the 
medulla, and, in advanced cases, to the intertubular tissue and to the 
tunica propria of the tubules. It is doubtful if the epithelium ever 
undergoes amyloid degeneration. The distribution of the change may 
be very irregular. 

At first, the tubes and epithelium appear normal. Many of the 
former contain the pale hyaline casts which appear in the urine. These 
are probably simple exudation-products, but they occasionally stain 
brown with iodine, and thus have been supposed to consist of amyloid. 
According to Ziegler, however, these casts do not exhibit the other 
typical reactions of amyloid. As the change advances the diminished 
blood-supply and the direct pressure of the new material may lead to 
atrophy and fatty degeneration of both glomerular and tubular epithe- 
lium ; but more frequently these changes occur at an earlier stage, and 
are due to chronic parenchymatous nephritis. The tubes, in such cases, 
are distended with both eloudy and fatty cells, and the intertubular 
tissue is more or less infiltrated with round cells (large white amyloid 
kidney). In the later stages of the process there is almost always in- 
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crease of the intertubular tissue, which, together with the disappearance 
of tubes, leads to shrinking and toughening of the organ, to adhesion 
of the capsule, to irregularity of the surface, and to formation of small 
retention cysts. 


Amyloid and fatty degeneration of the kidney. a, normal capillary loop; b, amyloid capillary 
loop ;c, fatty epithelium of the glomerulus; ¢,, fatty epithelium of the capsule; d, oil-drops 
on the capillary walls; e, fatty epithelial cells in situ; f, loosened fatty epithelial cells; g, 
hyaline coagula (forming “casts’’); h, fatty cast in section; i, amyloid artery; k, amyloid 
capillary; /, infiltration of connective tissue with leucocytes; m, round-cells (leucocytes) 
inside a uriniferous tubule. > 300. (Ziegler.) ; 


The naked-eye appearances vary with the extent of the degenera- 
tion, and may be modified by the presence of chronic nephritis. 

If thin slices of a kidney in the earliest stages of amyloid degenera- 
tion be stained with iodine, a Malpighian body will here and there 
appear as a brown dot, and the straight arteries of the pyramids as 
brown lines, although the unstained kidney is still normal in appearance. 
As the disease advances, the organ enlarges, especially the cortex. The 
surface is smooth, and the capsule separates readily. The enlarged 
cortex is remarkably pale and anzemic, and has a peculiar translucent, 
homogeneous, wax-like appearance. Its consistence is hard and firm. 
A few scattered vessels may be seen on the surface, and the bases 
of the pyramids sometimes exhibit increased vascularity. If iodine 
be applied to the cut surface (p. 65), the Malpighian bodies and the 
arteries of the cortex become mapped out as clearly as in an artificial 
injection (Fig. 31). The enlarged Malpighian bodies may, indeed, be 
seen as glistening semi-translucent points before the iodine is applied. 
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Frequently, the homogeneous appearance of the cortex is interrupted 
by minute, opaque, yellowish-white lines and markings : these are pro- 
duced by fatty changes in the epithelium of the tubes, due generally 
to concomitant nephritis. Ultimately the capsule becomes more or less 
adherent, and slight irregular depressions 
Fig. 31. make their appearance upon the surface of 
the organ; the latter are due to atrophic 
changes in some of the tubes. If, as is usu- 
ally the case, the process is associated with 
an increase in the intertubular connective 
tissue, the atrophy may render the organ 
even smaller than normal. 

Sometimes the enlargement of the organs 
is very great. In these cases the increase in 
size is mainly due to inflammatory changes, 
such as have been referred to. The fre- 
quency with which such combinations occur 
renders it advisable to examine all large 
pale kidneys for amyloid changes. 


Effects.—The capillary walls in the Mal- 
pighian bodies are so altered that albumin 
and an increased quantity of fluid readily 


Amyloid kidney. Stained with 
iodine. The dark parts rep- _ 
resent the Malpighian bod- permeate them; and thus is produced the 


iesand arteries which have Jarge amount of urine, sometimes loaded 
undergone the amyloid 


change. From a chila, With albumin, which characterizes the earlier 
Natural size. stages of this affection; the polyuria is, 
however, not so great as in the granular 
contracted kidney, in which disease the general arterial tension is 
raised. If inflammatory changes supervene, the urine diminishes in 
quantity. The excretion of urea is less interfered with than in any 
form of nephritis, nor is the internal secretion seriously affected, for 
uremia seldom occurs in uncomplicated cases. Tube-casts are rarely 
numerous; they are for the most part hyaline or finely granular, 
though sometimes they are covered with fatty epithelium. In ad- 
vanced cases there is marked dropsy. 
The association of chronic tubal nephritis with amyloid change 
is so frequent as to suggest the possibility of a common cause to the 
two conditions. 


Amyloid Degeneration of the Spleen. 


Two forms are generally described :—(1) the sago spleen, the 
commoner form, in which the disease commences in the Malpighian 
follicles ; and. (2) the diffuse form, in which the whole splenic pulp 
is first implicated, and in which the Malpighian follicles often escape. 
The two forms are occasionally combined. 

In the sago spleen the first microscopical changes are observed 
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in the capillaries and arterioles of the Malpighian follicles. The 
reticulum, of which the follicle largely consists, is next involved, 
then the small vessels in the neighbor- 
hood, and finally the pulp. In the 
early stages, the central artery of the 
corpuscle usually escapes. When it 
becomes affected, the change is first 
observed in its middle coat. In the 
diffuse form the degeneration begins in 
the neighborhood of the capillary veins 
of the pulp, and spreads thence to the 
trabeculze, arterial capillaries, and pos- 


Amyloid sago spleen. Stained with 


sibly—though this is very doubtful— iodine. The Malpighian follicles 
to the cells. The Malpighian follicles ie ey ae and as a rule 

sm 5 : me ave unstained centres. From a 
often escape, but their central arteries child)” Natural'size: 


are generally involved. 

To the naked eye, the sago spleen is more or less enlarged ; its 
weight and density are also increased. The cut surface is smooth, dry, 
and studded all over with small, glistening, sago-like bodies, varying 
in size from a millet to a hemp seed. These are stained reddish-brown 
by the iodine solution; but, as the central artery generally escapes, 
the mahogany-colored nodules have pale centres. These nodules 
may enlarge until they occupy a considerable portion of the organ, 
although in earlier stages of the affection they are so minute that 
they can be seen only in thin sections of the tissue. In the later 
stages, therefore, there is a considerable resemblance between iodine- 
stained sections of liver and of spleen, as may be seen by comparing 
Figs. 29 and 32. 

In the diffuse form the organ often attains a much larger size than 
is met with in the sago spleen. It is remarkably hard and firm, and 
the capsule is tense and transparent. On section, it presents a dry, 
homogeneous, translucent, bloodless surface, of a uniform, dark reddish- 
brown color. Thin sections can be readily made with a knife, the 
organ cutting like soft wax. The corpuscles, if affected, are not visible 
as in the former variety, being obscured by the surrounding pulp. 


Amyloid Degeneration of the Alimentary Canal. 


The mucous, submucous, and muscular coats of the cesophagus, 
stomach, and intestines may be involved; but these organs are 
probably never affected alone. The change frequently coexists with 
tubercular ulceration. In the alimentary tract the disease is very apt 
to escape observation, as it usually produces but little alteration in the 
appearance of the parts. The mucous membrane may be pale, smooth, 
translucent, and cedematous; in very advanced cases there may be 
some rigidity and thickening of the bowel-wall, and even ulcers—due, 
it has been suggested, to the snapping of rigid villi. The effect of the 
application of iodine to the washed mucous surface is very character- 
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istic. In the small intestine—perhaps the part most commonly affected 
—small, closely set, reddish-brown points appear over the whole 
surface of the membrane ; these correspond to the intestinal villi, the 
arteries and capillaries of which have undergone the amyloid change. 
In the stomach and cesophagus the vessels may be similarly mapped 
out by iodine (p. 65). 

The change in the intestine gives rise to serous diarrhea, probably 
due to increased permeability of the degenerated vessel-walls. Both 
absorption and secretion are much impaired, so that implication of the 
alimentary tract has a grave general effect. 


Corpora Amylacea. 


Corpora amylacea, or “amyloid bodies,” were formerly looked upon 
as consisting of amyloid substance ; there appears, however, with the 
exception of a certain similarity in their behavior with iodine and 
sulphuric acid, to be no connection between them. 

They are round or oval bodies, formed of a succession of concentric 
layers, and are often changed to a deep blue color by iodine, thus 
bearing, both in structure and chemical properties, a strong resemblance 
to granules of vegetable starch (Fig. 33); but, sometimes, the blue is 
exhibited only after the subsequent addition of sulphuric acid, and 
thus a resemblance is shown to-amyloid substance. Many of these 
bodies, however, are colored green, or even 
brown, by these reagents. The green is due 
to their admixture with nitrogenous matters, 
which give a yellow color with iodine, and 
hence the combination yields a green. The 
greater the amount of nitrogenous matter 
the browner does the color become. They 
Ceca rom the Ly in size from microscopic granules to 

prostate. (Virchow.) bodies which are distinctly visible to the 

naked eye, sometimes being as much as a 
sixth of an inch in diameter. The larger are usually formed by the 
conglomeration of smaller granules, which are often enclosed by a 
common envelope. 

They especially occur in conditions of atrophy or softening of the 
nervous system. The ependyma of the ventricles, the white substance 
of the brain, the choroid plexus, the optic nerve and retina, and the 
spinal cord are their favorite seats. The larger forms are met with 
most frequently in the prostate. The prostate of nearly every adult 
contains some of these bodies ; and they may accumulate in that organ 
to such an extent as to form large concretions. They are oceasionally 
met with in the lungs, and in mucous and serous membranes. 

The corpora amylacea, especially those occurring in the choriod 
plexus and in the lateral ventricles, are very liable to become calcified, 
and they then constitute one form of “brain sand” which is so often 


met with in these situations. 
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From their laminated structure these bodies would appear to be 
formed by gradual deposition upon a central nucleus. 


CALCAREOUS INFILTRATION. 


Calcareous Infiltration or Calcification consists in the infiltration of 
tissues with calcareous particles. It is a purely passive process, the 
cells taking no part in it: the tissue is gradually petrified by the deposit 
of earthy salts from the blood. It is difficult to find a physiological 
type, but perhaps the deposit of earthy salts in the walls of the primary 
areole (see Rickets) in a growing long bone may be regarded as such. 
Ossification is quite distinct from calcification, for in it everything points 
to life and growth; the cells are undergoing active changes, and are 
obviously concerned in receiving the salts from the lymph and in com- 
bining them most intimately with the organic matrix. 


Etiology.—tEarthy salts in solution, chiefly the phosphates and car- 
bonates of calcium and magnesium, are brought to the part by blood 
and lymph, carbon dioxide being probably the solvent. In inquiring 
why these salts should be permanently deposited in certain tissues, 
attention must be directed to the facts that, in the immense majority of 
cases, the tissues affected are dead or dying, and that calcification is a 
common senile change. It is probable, therefore, that feeble nutritive 
activity and a retarded blood-stream are together responsible for its 
occurrence. Rindfleisch taught that carbon dioxide escaped from the 
stagnating lymph-stream, and that the earthy salts were consequently 
precipitated : more recently, others have held that calcification is due to 
a combination of these salts with certain albuminoid bodies and with 
fatty acids. 

Sometimes calcareous infiltration appears to be due to an absolute 
increase of calcareous salts in the blood, such as may be supposed to 
occur in extensive caries and in osteomalacia. A portion of the excess 
is then deposited more or less widely in the tissues—especially in the 
lymphatic glands and kidneys, and less frequently in the lungs, stomach, 
intestines, dura mater, and liver. The deposit takes place chiefly in 
the connective and least active tissue of the organ, which, moreover, 
immediately surrounds the vessels—e. g., in the interlobular tissue of 
the lungs and in the stroma between the glands of the stomach ; but, 
in the kidney, the epithelium is infiltrated as well as the intertubular 
tissue. Analogous to this form of calcification is the deposition of the 
biurate of sodium which takes place, especially in cartilage, fibrous tissue, 
and synovial membranes, and forms the commonest manifestation of 
gout. It is probable that, in this case also, the deposit occurs first in 
tissues in which the nutritive activity is most feeble. A certain 
amount of chalky—like fatty—infiltration may perhaps occur with- 
out marked impairment of function; but, as completely calcified 
parts are certainly dead, either the infiltration has the power to kill 
or it affects dying parts. 
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Seats.—As a senile change, calcification affects most frequently the 
arteries and hyaline cartilages—excepting articular cartilages. It 
occurs similarly in pathological tissues 
of which the life is feeble—e.g., in 
uterine myomata after the climacteric 
and in old sears. Dead tissues locked 
up in the body are also very likely 
to become calcified —e.g., thrombi 
( phleboliths), parasites (Fig. 34), ath- 
eromatous patches in arteries, and the 
caseous masses so common in lungs 
and lymphatic glands which have 
Calcified trichine in muscle, In twoof undergone chronic tubercular changes. 

the parasites the capsules and con- The best example is the complete 


tents are so far calcified that hardly : : 5 
any trace of the coiled embryo remains. calcification of a dead foetus, which 


In the other the trichina is dead, Sometimes occurs when this is retained 

shrivelled and becoming infiltrated. in the abdomen in the ease of an 

x 80. 5 Db : ; 
extra-uterine foetation (/ithopedion). 


Appearances.—1l. Microscopic—The calcareous particles make 
their appearance both within the cells and in the intercellular sub- 
stance; they are much more frequent, however, in the latter situation. 
They are seen at first as very fine dust scattered irregularly through 
the intercellular substance (Fig. 35). They are characterized, when 


Fre. 35. 


A calcifying sarcoma. From a secondary tumor of the lung. Showing the calcification of a 
spindle-celled growth. X 200. 


viewed by transmitted light, by their opacity, black color, irregular 
outline, and solubility in dilute mineral acids, usually with evolution 
of bubbles of. carbon dioxide. They gradually increase in number 
until ultimately large tracts of tissue may be converted into an opaque 
calcareous mass, in which the cells are enclosed and can no longer be 
recognized. These large masses have a sharp black irregular aniline: 
and as the calcification ‘becomes complete, acquire a homogeneous, plis- 
tening, semi-transparent appearance. The cells themselves are much 
less frequently infiltrated, being merely enclosed and obscured by the 
alcified intercellular substance. Calcareous particles may, however, 
make their appearance in the protoplasm, and, gradually increasing, 
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convert the cell into a homogeneous calcareous body. Calcification of 
ganglion-cells alone is not uncommon in degenerative processes in the 
brain. 

If the saline matters are dissolved out with a little dilute mineral 
acid, the structure of the part may be again recognized, unless, indeed 
—as is so often the case—it has been destroyed by some antecedent 
change. 

2. Naked Eye.—Apart from the microscope, calcification can be 
recognized more readily by touch than by sight. If the calcareous 
particles cohere in minute groups, as is common when the process 
succeeds that of caseation, a white mortar-like substance is produced. 
When the cohesion is more marked, the deposit is comparable to fine 
sand ; and all stages between this and solid stony masses may not 
infrequently be met with. The latter break with an irregular surface 
and present a yellowish or grayish aspect. A calcified part is dead and 
inert : it undergoes no further change. 


Effects.—Calcification must be looked upon in many cases as a 
salutary process, the impregnation with calcareous matter preventing 
subsequent changes in the part. This is especially the case when it 
occurs in caseous tubercular foci, as it imprisons the cause of the disease. 
It is doubtful whether calcification of a twmor is of any benefit to the 
patient, for the infiltration is probably limited to the dead or dying 
parts, and does not hinder the spread of the actively growing portions. 
On the other hand, when it affects the arterial system, calcification 
may be attended with the most deleterious consequences, as will be seen 
in the following section. 

Concretions of various kinds may be found in the gall-bladder, 
bile-ducts, pelves of the kidneys, ureters, urinary bladder, and other 
parts. They will be referred to when diseases of the affected organs 
are discussed. 


Calcitication of Arteries. 


Calcified plates are frequently met with in the intima of the aorta 
and other large arteries as part of the change known as atheroma. 

‘Sometimes a more or less general calcification occurs, especially as 
a senile change, and is then frequently associated with other degenera- 
tive changes in the arterial walls. It is commonest in vessels of medium 
size, the arteries of the upper and lower extremities and of the brain 
being frequently affected. It may affect both internal and middle coats, 
often commencing in the musele-cells of the latter. The calcareous 
particles, deposited from the vasa vasorum, make their appearance at 
first around and within the nucleus, and gradually accumulate until 
they fill the cell, which becomes converted into a small calcareous flake, 
The process may go on until the muscular coat is completely caleified ; 
or it may be limited to isolated portions of the coat, giving rise to 
numerous irregularly distributed calearcous rings and plates, somewhat 
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suggestive of a piece of ipecacuanha root. These are best seen in 
vessels clarified and dried. From the muscular it may extend to the 
external and internal coats, until ultimately the vessel becomes calci- 
fied throughout. 

The vessel thus calcified loses its elasticity and contractility ; 3; its 
lumen is diminished, and it is transformed into a hard, rigid, brittle 
tube, or “ pipe-stem artery” (Fig. 36). Such an artery is partially 
protected against dilatation, but is predisposed to rupture: in ampu- 
tations great difficulty may be found in securing such vessels, as liga- 
tures cut through them at once. The nutrition of parts supplied by 
them is more or less impaired, and general calcification of the arteries 
of the lower limb therefore predisposes to senile gangrene (p. 33), inas- 


Fia. 36. 


Femoral artery, showing extensive senile calcification, the whole vessel consisting of a mass 
of caleareous plates. Natural size. 


much as it renders the vessels less able to adapt themselves to the 
varying requirements of the circulation, 


PIGMENTARY CHANGES. 


Pathological pigmentation is a term used to imply the abnormal 
appearance of some kind of pigment in the tissues, and includes many 
conditions differing widely in their nature and origin. 

The pigment may be derived: (1) directly from hemoglobin ; (2) 
from the blood by cell-action ; (3) from bile ; (4) from extraneous sub- 
stances introduced into the body. 

1. Hematogenous pigments, derived directly from hemoglobin, are 
the commonest. Red corpuscles break up and their coloring-matter is 
set free. This occurs occasionally within the vessels, as in malaria 
and septicemia, but more frequently after escape of the corpuscles into 
the tissues. The latter is due either to wounds or rupture of the ves- 
sels, or to congestion or inflammation without any visible breach in the 
vessel-wall. inc h instances of pigmentation are common ; among 
them may be mentioned bruises of the skin, small hemorrhages in the 
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neighborhood of varicose veins and passively congested parts, and 
stains after syphilitic and other inflammatory lesions. 

The two principal pigments which form the final products of the 
breaking up of red corpuscles in the tissues are hcmosiderin and 
heematoidin. 

Hemosiderin—an iron-containing pigment—probably formed by the 
action of living cells, gives the ordinary reactions of iron and is found 
in the liver, spleen, and other organs whenever excessive destruction 
of blood-corpuscles (hemolysis) is present. It is also found mixed with 
hematoidin, which it closely resembles in appearance. 

Hematoidin—an iron-free pigment—is probably identical with bili- 
rubin, which is also a derivative of hemoglobin. It exhibits similar 
reactions when treated with concentrated mineral acids, displaying the 
same variations of green, blue, rose, and yellow colors. It is insoluble 
in water, alcohol, ether, acetic acid, and in dilute mineral acids and 
alkalies ; it is soluble in concentrated acids and in the caustic alkalies, 
giving, in the latter case, a red color. 

These final stages of extravasated blood occur in two forms— 
granular and crystalline. Both are of a very permanent nature, and 
may remain unaltered for years. 

The granules of heematoidin vary in size from the smallest particles 
to masses as large as a red blood-corpuscle. The larger are commonly 
irregular in shape, sharply defined, and more or less glistening, Their 
color varies from yellowish-red to brown or black ; the older they are 
the darker they become. The smaller granules are usually dull and 
opaque. 

The crystals of hematoidin are opaque rhombic prisms, usually of a 
yellowish-red or ruby-red color, sometimes approaching to brown or 
black. They may also occur as little plates and 
fine needles, but these are less common forms (Fig. 
37). They are in most cases so small that con- 
siderable care is required to recognize their crys- 
talline nature under the microscope, and they may 
easily be overlooked as merely irregular granular 
masses. In some cases, however, they attain a 
larger size. Hematoidin crystals. 

Whether hemoglobin is converted into gran- 
ular or crystalline hematoidin appears to depend partly upon the tissue 
in which it is situated, and partly upon the amount of extravasation. 
Crystals are execedingly common in some situations—e. ¢., the brain 
and ovaries ; whereas in others—e. y., mucous membranes—only gran- 
ules are met with. / oe 

According to Kunkel, some of the pigment left by hemoglobin is 
pure hydrated peroxide of iron. 

The changes in color which oceur after bruise—first purple, then 
ereen, and finally yellow—are due to corresponding changes in the 
extravasated blood. (1) Some of the fluid and cells are absorbed. at 
once by the lymphatics, while the hemoglobin is dissolved out of many 
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of the red corpuscles, and the stromata disappear—no doubt after fatty 
degeneration. Thus there is formed a red fluid which infiltrates the 
tissues, and stains them yellow or brownish red—the cells being colored 
more deeply than the intercellular substance, or than the membranous 
or fibrous structures. The color changes on the surface are due to 
alterations in this dissolved hemoglobin, which is soon decomposed into 
heematin or hemochromogen and an albuminous body. Part of the 
coloring-matter is reabsorbed and appears in the urine as urobilin ; the 
rest undergoes a change and is finally deposited as heemosiderin or 
hematoidin. (2) Many corpuscles simply shrivel into brownish gran- 
ular masses of pigment—said to occur chiefly in “heematomata,” or 
tumor-like collections of blood. (3) Other red corpuscles, or the pig- 
ment-masses resulting from them, are taken up by leucocytes, which 
are attracted in large numbers into the extravasation. The pigment 
thus taken up may be deposited in the neighborhood, or may be carried 
by the surviving leucocytes into the lymphatics, when it will probably 
be arrested in the nearest lymphatic glands, the lymph-paths being thus 
marked out by pigment; or it may pass through into the circulation 
and give rise to pigment-emboli of various organs. 

The ultimate fate of extravasations is by no means uniform. 

(1) Absorption may be, and in vascular parts often is, to the naked 
eye, complete ; but even then crystals or granules of pigment may not 
infrequently be found by the aid of the microscope. (2) A scar— 
yellowish, brownish, or blackish, from granular or crystalline pigment 
—may mark the site of the destruction of tissue by hemorrhage. 
(3) A collection of chocolate-colored fluid may long remain surrounded 
by a capsule of inflammatory tissue, often lined by layers of clot, more 
or, less decolorized and organized (hematoma): the fluid contains 
pigment and fat-granules along with cholesterin-crystals. (4) A cavity, 
with more or less pigmented walls, containing clear fluid may be left— 
especially in the brain. (5) The fluid may be absorbed, and the clot 
become completely decolorized and organized—a good example of 
which is seen in the so-called “membranous pachymeningitis.” The 
process can frequently be watched in aseptic wounds. 

Heematogenous pigmentation is a very common occurrence, though 
one of little importance. The presence of pigment in or between the 
cells of a tissue can have little effect on the elements or their functions: 
any disturbance of these must be attributed rather to the conditions 
upon which the formation of the pigment depends. 

The presence of this form of pigmentation may be the only evidence 
of antecedent disease, such as cerebral hemorrhage, in which yellow 
staining may be left; or chronic catarrh of mucous membranes, in 
which slate-colored pigmentation marks the site of the inflammation. 

2. Pigment derived from the Blood by Gell-action. — The chief 
examples of this change are melanotic warts, neevi, sarcomata, car- 
cinomata, and Addison’s disease. ‘The pigment lies in the cells more 
often than between them, is granular, and varies from yellow to black 
in color: it contains sulphur but not iron. It differs spectroscopi- 
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eally from all known blood-pigments, and is one of the melanins, 

Pigmented growths generally arise from pigmented tissues (Fig. 38). 
(See Melanotic Sarcoma, p. 103.) 

The cause of the pigmentation of the skin in Addison’s disease is 

not satisfactorily explained. Irritation of the 

Fie. 38. abdominal sympathetic is believed to cause 

increased pigmentation, and the pigmentation 


& in Addison’s disease is merely an exaggeration of 
maa the normal. Variations in the normal pigmenta- 

g tion of the skin occur during pregnancy and in 
=] various uterine troubles, as well as in mela- 
A) noderma; but no certain explanation of these, 


Cellscontainingpigment. or of blanching of the hair from neuralgia. or 

From amelanotic sar- fricht. ean. be offered 

coma of the liver. Geet. 

x 350. 3. Pigmentation from Bile.— This form of 

pigmentation is known as jaundice (icterus), and 
is due to obstruction of the bile-passages. The obstruction may occur 
in the small ducts, in the hepatic duct, or in the common bile-duct. It 
is most frequently due to swelling of the walls from catarrhal inflam- 
mation, to blocking of the lumen by gall-stones, or to the pressure of 
a new growth outside the duct. The continued secretion of the bile 
behind the obstruction causes a rise in the pressure within the smaller 
ducts, with consequent absorption of bile by the veins and lymphatics 
and its subsequent distribution throughout the body. It is first per- 
ceptible in the urine, soon after in the conjunctivee and skin, and may 
ultimately stain all the tissues yellow or greenish yellow. The stain- 
ing of the skin persists some time after the bile has ceased to circulate 
in the blood. When the seat of obstruction is in the small bile-duets, 
as in cirrhosis, the staining may be limited to small areas of the liver. 

The pigmentation is due to diffuse staining; but granules and even 
crystals of bilirubin are occasionally found, especially in  icterus 
neonatorum. 

With regard to the slight jaundice that occurs in septicemia, the 
malignant forms of acute infective fevers, and some other diseases 
(toxic jaundice), no marked obstruction can be demonstrated in the 
ducts, and the exact cause is doubtful. It is probable that increased 
consistence of the bile, and diminished pressure in the bloodvessels, 
combined with catarrh of the smaller bile-ducts, cause the tension 
in the ducts to exceed that in the bloodvessels, or at any rate in the 
lymphatics, and thus induce a slight absorption of bile into the vessels 
and a consequent mild degree of obstructive jaundice. “— 

4, Pigmentation by Extraneous Substances. — Examples of this 
form of pigmentation occur in the lungs, the skin, the lymphatic 
glands, and the mucous membranes. The substances accredited with 
its production are carbon, silver, lead, arsenic, and such pigments as may 
be used artificially ; to these may be added, in rare instances, mercury 
and pierie acid. 

The inhalation of fine particles of carbon and other substances pro- 
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duces pigmentation of the lungs and bronchial glands. This is of 
considerable importance and will be described in detail later on. (See 
Pneumoconiosis. ) 

The prolonged administration of salts of silver leads to the develop- 
ment in the skin and adjacent mucous membranes of a peculiar brown- 
ish-gray color. That portion of the metal which finds its way to these 
parts is, owing most probably to the action of light, deposited as minute 
particles of reduced silver. This condition is known as argyriasis : it 
is permanent. 

The existence of lead in the tissues is often demonstrated by the 
presence of a thin, black, well-defined line im the gums where they are 
in contact with the teeth. It is due to the action of the sulphuretted 
hydrogen, given off by the decomposing matter which collects between 
the mucous membrane and the teeth, upon the lead in the adjacent 
tissue. The “lead-line” is, therefore, usually broken, and often absent 
in those whose teeth are kept thoroughly clean, even though other 
symptoms of Jead-poisoning may be present. Pigmentation of the 
mucous membrane of the large intestine has been found associated with 
the presence of considerable quantities of lead and of mercury respectively 
in that part of the alimentary tract. 

In tattooing, artificial pigments are placed in the deeper layers of 
the skin. Most of the pigment remains in its original position. Of 
the remainder, some is removed by the phagocytic leucocytes, and some 
is washed on into the lymphatics and filtered out by the glands, where 
it is retained. 

Dead tissues in process of separation are frequently discolored— 
black, greenish black, or slate-gray—by the action of sulphuretted 
hydrogen upon the decomposed hemoglobin (p. 35); and atrophied 
organs, in which the pigment is, as it were, concentrated, often appear 
darker than normal. Neither of these, however, is an instance of true 
pigmentation. 


CHAPTER TV: 
TUMORS. 


THE term “tumor” is primarily a clinical one, and signifies a local 
swelling. Thus an enlarged palpable kidney is usually spoken of as a 
renal tumor, altogether apart from any belief regarding the actual 
nature of the enlargement. In pathology, however, the term tumor 
denotes certain local growths of new tissue, the nature of which is but 
imperfectly known. No satisfactory definition is, therefore, possible. 
Nevertheless, tumors possess certain common characters which serve 
to distinguish them from allied conditions. The chief of these distin- 
guishing features are, (1) an unusual independence of growth; (2) a 
varied degree of similarity of structure to that of the part from which 
the growth springs ; (3) an extreme tendency of the component tissue- 
elements to undergo degeneration ; and (4) a complete absence of all 
function, or, in other words, the absolute uselessness of the mass of new 
tissue. These characters must be considered in detail. 

1. Independence of Growth.—There are no known laws regulating 
the growth of a tumor. The growth is at first quite local, and is limited 
to the continuous extension of the primary focus in its immediate neigh- 
borhood. Subsequently, by means that will presently be described, 
some forms of new-growth possess the power of reproducing themselves 
in other parts (p. 84). Two other striking differences between the 
growth of ordinary tissues and that of tumors must be mentioned. 
Firstly, the nutrition of a tumor is disproportionate to the nutrition of the 
tissues in its immediate neighborhood, and often to that of the body taken 
as a whole. Thus, in the case of a fatty tumor in the subcutaneous 
tissue, the body may become thin and the subcutaneous fat disappear, 
while the fatty tumor wastes but little if at all. Moreover, malignant 
growths often enlarge rapidly, while all the other tissues are as quickly 
emaciating. Secondly, the nutrition of a tumor is often disproportionate 
to the age of the individual in whom it occurs. This is seen in the 
growth of cancers which arise and grow rapidly in old people, while 
the rest of the tissues are gradually undergoing atrophy. 

2. Peculiarities of Structure——In structure, tumors more or less re- 
semble normal tissues in some stage of their growth—every morbid 
new-growth having its prototype among the normal tissues. T he 
resemblance, however, is at best incomplete, the tissue-elements often 
differing in form, arrangement, or some other detail ; and tumors are 
thus always more or less atypical in their structure. As a rule, the 
difference between the normal and the abnormal tissue is so great that 
by means of the naked eye alone one can tell roughly where the one 
begins and the other ends. 
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Tumors frequently originate in, and closely resemble, the connective 
tissues in their fully developed or embryonic state. Surface epithelium 
and gland-cells are also common sources of tumors, but are less closely 
copied by most of the new-growths arising from them. Voluntary 
muscles and nerve-cells may be invaded by new-growths, but do not 
often serve as starting-points. Tumors are generally supplied with 
bloodvessels and lymphatics, but not with nerves. 

The terms homologous and heterologous are sometimes applied to 
tumors. When the tumor resembles the tissue from which it originates 
it is said to be homologous; when it differs from this it is said to be 
heterologous. A cartilaginous tumor arising from cartilage is, there- 
fore, homologous, but occurring in any other than connective tissue, 
as, for example, in the parotid gland, is heterologous. The distinction 
is unimportant, for, in the example just given, the cartilage does not 
actually arise from the gland-cells of the parotid, but, in all probability, 
from the connective tissue or from a misplaced remnant of Meckel’s 
cartilage. Heterologous tumors are generally secondary to some 
primary growth occurring in a distant part. 

The relation of the tumor to the surrounding parts varies. Some- 
times the tumor is carewmscribed, merely displacing them and stretching 


Fie. 39. 


Muscle near shoulder, from a case of sarcoma of the head of the humerus, showing passage of 
small round cells (probably sarcomatous) along the “‘lines of least resistance,” as in diffuse 
inflammation. Where the cells are thickest the muscle-fibres are obscured or have disap- 
peared. (Boyd.) 


and irritating their connective tissue, so that the latter comes to form a 
fibrous capsule around the tumor, which thus generally forms a sphe- 
roidal or lobulated mass. Lipomata, fibromata, and chondromata are 
usually thus encapsuled. In other cases the growth invades the adjacent 
structures. There is then no real line of demarcation between the 
tumor and the surrounding parts ; and, although to the naked eye there 
may seem to be one, the microscope will show that the apparently healthy 
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tissues are more or less infiltrated with cells from the parent growth 
(Fig. 39). In such a case, while the main body of the tumor may 
assume a roughly spheroidal shape, outlying discontinuous nodules may 
also be visible to the naked eye. 

3. Retrogressive Changes—A tumor very rarely disappears, thus 
differing from an inflammatory growth—e.g.,a gumma. It may cither 
remain stationary or grow, slowly or rapidly. Sooner or later it usually 
becomes the seat of necrosis or degeneration. The time at which these 
commence varies. As a rule, the permanence and durability of a tumor 
bear an inverse relation to the rapidity of its growth and to the inferi- 
ority of its organization. The more rapid the growth and the less 
specialized the new tissue, the less is its durability and the sooner do 
retrogressive changes occur. Many carcinomata and sarcomata develop 


Fig. 40. 


Ehcephaloid cancer undergoing necrosis and fatty degeneration. The nuclei of some of the 
cells, especially those nearest the thin fibrous alveoli, are stained, although their protoplasm 
has broken up and is not distinctly marked off from the alyeolar walls. The outlines of a 
few of the rest are still visible, though their contents are granular and their nuclei 
unstained. The greater number have been conyerted into a mass of granular fatty débris. 
X 250. 


rapidly, and degenerate quickly (Fig. 40). They consist: for the most 
part of cells: their elements are unstable and soon perish. Osseous 
tumors, on the other hand, develop slowly ; they consist of a more 
highly organized tissue and have much greater stability. 

The retrogressive changes are similar to those met with in the normal 
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tissues. Thus, fatty, pigmentary, calcareous, colloid, and mucoid degen- 
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erations may occur. Tumors may also become the seats of inflammation, 
ulceration, necrosis, and hemorrhage. 

4, Absence of Function—No tumor serves any useful purpose. 
Some adenomata are said to have ducts and some secretory power, but 
these statements need further confirmation. 


Recurrence and Generalization.— A twmor may recur locally after 
removal ; and, independently of removal, growths similar to the primary 
tumor may form (1) in the neighborhood of the parent growth, (2) in the 
nearest lymphatic glands, or (3) tn more distant tissues or organs. Some- 
times all these occur. Each must be considered separately. 

1. Reproduction in Adjacent Structures—The recurrence of a tumor 
in loco after operative removal is due to some of its cells having been 
left behind, and is therefore much more likely to occur in those growths 
which infiltrate the surrounding tissues, and veally extend beyond their 
apparent limits, than in those which are encapsuled. The cells left 
behind continue to grow and thus the tumor recurs. Apart from 
removal, cells may be carried to some little distance from the primary 
growth by lymph- or blood-currents, and, on becoming impacted, may 
form the nucleus of secondary nodules springing up around the original 
tumor. In some tumors local recurrence may take place many times, 
and lead to the death of the patient without any infection of glands or 
distant. tissues. 

2. Reproduction in the nearest Lymphatic Glands.—This is owing to 
the entry into, and transmission by, the lymph-stream of cells from the 
primary growth. The cells become arrested in the nearest lymphatic 
glands, and there develop into secondary tumors of the same nature. 
When the lymphatie glands have themselves become the seat of sec- 
ondary growths, they in their turn constitute new centres of infection, 
and may thus infect the more distant glands or the immediately adja- 
cent tissues. When the lymph-sinuses of a gland are so blocked by 
new-growth that lymph cannot pass, a regurgitant flow is the natural 
result, and the lymph, bearing tumor-cells, has to find a new course and 
pass through other vessels and glands. In this way we can account for 
infection of the abdominal glands by a tumor of the lung, and for the 
numerous nodules in the skin which sometimes occur all round an 
atrophied scirrhus of the mamma. A distant lymphatic gland may be 
infected by embolism of its artery. The tendency of new-growths to 
reproduce themselves in the lymphatic glands varies very much. It is 
very marked in carcinomata, while in sarcomata it is comparatively 
slight. The reasons for these differences will be seen in subsequent 
chapters. 

3. Reproduction in Distant Tissues—This is usually the final stage 
in the history of most malignant ep and is known as their 
“6 generalization.” The reproduction of the primary growth in distant 
tissues is, in the great majority of cases, owing to the entry of some 
of its elements into the blood-stream. The secondary tumors are, 
therefore, the result of embolism of tumor-cells ; and are of the same 
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nature as the primary one, although they may be larger and are often 
softer, more vascular, and more active in growth. They may them- 
selves become secondary centres of infection, and in the same way 
cause tertiary growths in parts beyond. e 

Although the general dissemination of a malignant growth is thus 
in most cases due to the transmission of its elements by the blood- 
stream, this is not the only way in which it may be brought about. 
Exceptional cases have been described in which the elements of a 
tumor have been distributed and have caused secondary growths in 
other ways, as by passing down the trachea, between the layers of the 
peritoneum, or from the kidneys down the ureters to the bladder. 

Lastly, it must be borne in mind that growths may be secondary to 
each other only in time; that is, they may originate, independently of 
each other, from different primary foci. 

We have spoken of generalization and lymphatic infection as being 
due to the transference of tumor-cells from the primary growth. That 
the primary growth 7s the real source of the secondary growths is shown 
by their similarity in structure; by their time-relationship ; by their 
demonstrable connection by means of blood- or lymph-channels ; by the 
occasional discovery of tumor-cells impacted in the bloodvessels as 
emboli; by the invariable absence of secondary growths from non- 
vascular tissues such as cartilage and cornea; and by the occurrence 
of secondary growths in tissues in which primary tumors of the 
structure in question are never found. 


Effects.—A tumor, by its growth, position, generalization and 
secondary changes, may, in many ways, produce marked effects on 
local and general nutrition: (1) The local growth may lead, mechani- 
cally, to the destruction of parts essential to life, as in the case of an 
otherwise innocent tumor in the pons or medulla; or it may similarly 
impair the action of important organs such as the lungs or stomach, 
and thus lessen the exchange of gases in the former or interfere with 
the digestive changes in, or passage of food through, the latter. (2) The 
rapidity and extent of the growth may lead to the abstraction of the 
nutriment needed for the maintenance of the normal tissues. (3) Hemor- 
rhage may occur into or from a tumor and give rise to anemia, as in 
the marked hematuria which characterizes growths in the kidney. 
4) Inflammation, ulceration, and septic absorption may occur, as in 
epithelioma of the tongue. (5) Pain and anxiety may cause anorexia 
and sleeplessness. (6) Some abnormal and deleterious substances may 
be discharged into the blood-stream by the tumor-cells, although this 
is at present a purely hypothetical supposition. (7) Many of these 
effects may be increased by similar action on the part of secondary 
growths. In these ways tumors may lead to wasting, loss of strength, 
and anzmia; in other words, to the condition known as the cachevia 
of malignant disease. 
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Clinical Course.—Tumors are divided clinically into two great 
types, the simple and the malignant. 

A simple or innocent tumor is one which grows slowly and steadily, 
or, having attained a certain size, remains stationary. It consists of 
tissue closely resembling some normal adult tissue, and is generally 
surrounded by a distinet capsule out of which it can be completely 
shelled—for there is no infiltration of surrounding parts. Conse- 
quently, it seldom recurs locally after removal, and secondary growths 
in glands or elsewhere do not result from it. Its interference with 
health is only mechanical, unless some accident—as inflammation— 
occur in it. Tumors of the fully developed connective-tissue type 
generally pursue this course, and may grow to a huge size. 

A malignant tumor, on the other hand, grows rapidly and tends to 
enlarge continuously. It consists of tissue which is markedly atypical, 
and is, as a rule, unencapsuled, progressively infiltrating the surround- 
ing tissues, and presenting no clear line of demarcation as a guide to 
removal. Complete removal is, therefore, very difficult, and subse- 
quent recurrence, locally and in distant parts, probable. Though the 
patient is often in excellent bealth when the tumor first appears, its 
effects soon give rise to the cachexia just described. The more rapidly 
and the more completely a tumor produces these results, the greater is 
said to be its malignancy. Growths vary much in these respects, and 
a sharp dividing-line between innocent and malignant growths cannot 
always bedrawn, Some unencapsuled growths are innocent (gliomata) ; 
some having the structure of malignant growths enlarge continuously, 
but do not invade glands or distant parts (rodent ulcer) ; while others 
recur in neighboring glands, but not in distant parts (epithelioma of 
tongue). Some growths, at first innocent, occasionally become malig- 
nant (papilloma, adenoma). Sarcomata and carcinomata furnish the 
best examples of malignant tumors. 


Etiology.—Of the etiology of tumors, as a class, nothing certain 
is at present known. A few scattered facts have, however, been ascer- 
tained, throwing light on the causation of certain divisions of the group. 
Recent research has been devoted almost entirely to the study of the 
malignant tumors, especially carcinomata, while simple growths have 
been comparatively neglected. Little attempt has been made to treat 
the question from a general point of view. 

It is, indeed, possible that it may be necessary in the light of addi- 
tional knowledge, to subdivide the group, and to separate different 
varieties of tumor one from another, just as certain processes formerly 
looked upon as new-growths have recently been removed from this 
class and recognized as inflammatory. Of such, tubercular and syph- 
ilitic granulomata afford instances. In the same way future analysis 
may carry the process further and resolve the present apparently homo- 
geneous group of tumors into a variety of separate formations due to 
entirely different causes. At present, how ever, there is no sign of any 
probable line of cleavage. Tumors form a group characterized by well- 
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defined peculiarities which differentiate them from other pathological 
conditions (p. 81); and, while they continue to form a class by them- 
selves, it is necessary that any cause suggested to account for their 
production should apply to the whole group and not merely to isolated 
fractions of it. 

The objection may, indeed, be here raised that the malignant 
growths do form a class apart, and that, therefore, for the members of 
this group, a method of causation different from that of other neo- 
plasms is to be sought. Closer consideration, however, shows that at 
the present time there are no sufficient grounds for maintaining such a 
distinction. The qualities which constitute malignancy differ in degree 
rather than in kind from the characteristics of benign growths, as has 
just been shown. 

It seems clearly established that all tumors originate as local lesions, 
and are not, as has been suggested, manifestations of some general con- 
stitutional disease. It is, therefore, reasonable to look for a local cause 
of their appearance. Heredity appears to play some part in the causa- 
tion of certain growths, especially those of the uterus and mamma, but 
it is difficult to estimate the exact weight that should be attached to 
this factor. 

Various hypotheses have been propounded with respect to the 
etiology of tumors. Some of them appear to embody, at least, portions 
of the truth: they point to subordinate causes which are at work in 
individual instances, and which need a central principle to unite them 
into a coherent whole. The more important of these hypotheses must 
be briefly considered. 

1. Theory of Embryonic Remains—— Virchow discovered in the can- 
cellous portions of some of the long bones small “ islands ” of unaltered 
cartilage-cells, which he suggested might form the starting-point of 
tumors. Cohnheim extended this suggestion and applied the principle 
to explain the origin of all kinds of new-growth. On his hypothesis, 
instances occur in which either more cells are formed than are neces- 
sary for the development of a part, or in the process of growth certain 
groups of cells are isolated and cut off from their fellows. These 
groups of superfluous cells may subsequently develop into tumors. 
The cells may either continue to develop in the ordinary way, so as to 
form mature tissue-cells of various kinds, or they may remain embry- 
onic in character. In the former case, tumors of the benign variety 
will arise—resembling adult tissue and growing relatively slowly ; in 
favor of this theory the following facts may be adduced. (1) Dermoid 
eysts, which are practically innocent tumors, are almost certainly due to 
errors of development (p. 134). (2) Tumors are very frequently found 
in the neighborhood of points where the developmental process is com- 
plicated, and where, therefore, errors might naturally be expected to 
oceur most frequently. Instances are seen in the common appearance 
of carcinoma in the rectum, where the junction takes place between the 
original hind-gut and the invaginated epiblast, forming the procto- 
deeum ; at the external os uteri, where Muller’s ducts open into the 
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urogenital sinus ; at points where different varieties of epithelium meet, 
as at the cardiac and pyloric orifices of the stomach ; and in the fre- 
quency with which congenital moles serve as the starting-points of 
melanotic sarcomata in later life. Many other instances could be 
quoted. (3) In many cases there are formed in various organs tumors 
consisting of cells of an entirely different character to those normally 
found in such positions, the presence of which can, however, be ac- 
counted for by supposing the inclusion of a portion of some neighboring 
structure. Thus, for example, parotid tumors frequently contain carti- 
lage, which may be derived from that forming the inferior maxilla 
Meckel’s cartilage) ; and renal growths may contain voluntary muscle- 
cells derived from the embryonic muscle-plates, which lie near the 
Wolffian body in the process of development. 

On the other hand, several objections may be raised to Cohnheim’s 
theory. (1) The “rests ” or isolated cell-groups, upon which it is based, 
are not actually found with any frequency within the body. (2) Those 
which do occur, such as the cartilage-cells discovered by Virchow, and 
certain epithelial groups in the tonsils, do not show any actual tendency 
to develop into tumors—in other words, no transition stages are found 
between these masses of cells and actual tumors. (3) Tumors do not 
oceur at points of fusion between different embryonic structures, but 
rather in the neighborhood of these points, which are in many cases 
specially liable, owing to their anatomical characters, to trauma- 
tism and mechanical irritation. (4) Cohnheim himself admitted 
that certain instances of tumor-formation, in which chemical irri- 
tants were obviously the exciting causes, could not be explained on 
this theory. 

The necessary conclusion appears to be that the theory of “ embryonic 
remains,” while indicating a method of causation which is probably the 
true one in the case of certain classes of tumor, is not adequate to 
embrace the whole of the group, and affords only an incomplete and 
partial explanation. 

2. Theory of Chronic Irritation — Many examples are seen of 
tumors arising at points which are the seats of chronic inflammation. 
Thus, the edges of long-standing ulcers are favorite positions for the 
development of epitheliomata, and the points at which this disease most 
frequently affects the alimentary canal are those at which the lumen is 
narrowed, and which are, therefore, specially liable to traumatism from 
the contents of the tube. Such localities are (1) the two orifices of the 
stomach, (2) the point where the cesophagus is crossed by the left bronchus, 
and (3) that where it joins the pharynx, opposite the cricoid cartilage. 
The large intestine is much more frequently the seat of tumors than the 
small, possibly owing to the solid nature of the contained feces, their 
longer contact with the intestinal wall, and their consequent liability to 
irritate the mucous membrane: the rectum and anus, where this cause 
would be most at work, are specially frequent seats of tumor-formation. 
Various chemical irritants, such as tar and paraffin, may give rise to 
epithelioma in the skin of the arms of workers engaged in handling 
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them ; and the irritant discharge of gonorrha leads to a formation of 
warts in the skin over which it passes. 

On the other hand, the frequency with which instances of chronic 
irritation occur and the relative rarity of the appearance of tumors in 
connection with them, render it certain that irritation alone cannot be 
a sufficient cause of tumor-formation. The number of ulcers of the leg, 
which may be seen every day at a surgical out-patient department, with 
a history of several years’ duration, is alone sufficient proof of the inade- 
quacy of this theory by itself to account for the phenomena. 

3. The Theory of Spermatic Infiuence—This may be mentioned as 
being, perhaps,. of historical interest. According to this so-called 
explanation, which is chiefly applicable to carcinomata, a cell of a cer- 
tain kind, such as an epithelial cell, may exercise a peculiar influence 
on neighboring cells of a different character, by which it causes them 
to take on its own form and peculiarities. It is sufficient to note that 
this hypothesis is faulty as explaining ignotum per ignotius, since it 
assumes a force, the nature and mode of action of which are alike 
unknown, and which has not even a distinct analogy with any recog- 
nized physiological or pathological principle. 

4, The Parasitic Theory—The endeavor to find a parasitic organ- 
ism as the cause of malignant growths has been the guiding principle 
in the greater part of recent research. When first bacteria were recog- 
nized as the cause of a number of diseases, several organisms were 
isolated, each of which was claimed by its discoverer as the cause of 
cancer. None of them, however, stood the test of further experience. 
Parasitic protozoa were next brought forward as the agents concerned. 
There is a disease of the rabbit due to an animal parasite (cocctdium 
oviforme) in which a proliferation of the lining epithelium of the bile- 
ducts occurs, resembling an adenoma in appearance. This was set up 
as the type of tumor-formation, and the so-called cancer-bodies (p. 120) 
were assigned to this class of animalcules. ‘This identification is not 
now supported by many authorities, and the most recent champions of 
the parasitic theory are in favor of regarding these peculiar bodies as 
parasitic yeasts (blastomycetes). Plimmer has cultivated from carcino- 
mata a fungus which is capable, when injected into the peritoneal cavity 
of animals, of causing nodular proliferations of the endothelial cells of 
the serous membrane. 

It may be pointed out in favor of the probability of a parasitic 
origin of malignant growths (1) that they tend to occur in old persons 
rather than in the young or adult, just as parasites attack weakly rather 
than strong individuals; and (2) that the dissemination of malignant 
secondary growths, by blood- and lymph-channels, bears a considerable 
resemblance to the spread of a process such as tuberculosis. If it were 
satisfactorily proved that the peculiar cancer-bodies were in reality 
parasites, which occurred only in this disease, a fairly strong prima 
facie case would exist for believing in this theory. This proof does 
not yet exist, many observers holding that these appearances are only 
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masses of hyaline material, fragmented nuclei, leucocytes or invaginated 
cells (p. 122). 

Against the theory, on general grounds, cogent arguments may be 
urged. (1) There is practically no evidence—either clinical or experi- 
mental—of infection taking place between different individuals ; nor 
does the disease appear in epidemic or endemic form. (2) The method 
of spread by secondary growths when closely examined is unlike that 
in any known infective disease. Thus, a parasite might set up irrita- 
tion in the tissues with which it came into contact, and thereby cause 
proliferation of the cells affected. It might thus stimulate either 
connective-tissue cells alone, as is the case with the bacteria causing 
inflammation, or it might cause multiplication of the essential cells of 
organs attacked. As the parasite became distributed throughout the 
body, it would cause, in the former case, connective-tissue growths in 
various parts, or, in the latter, growths differing according to the organs 
invaded. In tumors, on the contrary, the secondary deposits exactly 
resemble the primary growth, whatever the parts may be in which they 
are situated. From this it almost certainly follows that they are due 
to embolism by fragments of the original growth. Such an occurrence 
is not known to take place in any recognized parasitic disease. (3) 
Further, no observer has applied the parasitic theory to all tumors 
alike, nor has any one succeeded in finding cancer-bodies in all speci- 
mens of cancer examined. It may, therefore, be concluded that at the 
most, a parasitic origin is possible in the case of one special group of 
tumors—carcinomata—and that even in this limited field it is not by 
any means proved to be the case. 

5. Theory of Altered Tissue-Resistance.—It has been suggested that 
tumors are due to an alteration in the mutual relations of tissues, from 
which it results that one kind of cell overcomes the resistance of neigh- 
boring parts and grows more luxuriantly. Thus it is said that in old 
age the connective tissues suffer from depressed vitality, while epithelium 
is still vigorous : hence the appearance of carcinomata in advanced life. 
It is an obvious objection that sarecomata—connective-tissue tumors— 
may also occur in old age; and that senile atrophy of the more highly 
differentiated cells is generally accompanied by an increased growth of 
connective tissue. Ribbert has, on the other hand, suggested that car- 
cinoma is due, not to overgrowth of epithelial cells, but to upward 
spread of connective-tissue masses, whereby clusters of epithelial cells 
are enclosed—the latter merely pursuing their natural process of devel- 
opment. The appearance of secondary deposits seems scarcely explica- 
ble on this hypothesis. 

6. Theory of Nervous Influence.—It has been suggested that the 
nervous system has some connection with the origin of new-growths. 
Tn favor of such connection may be adduced : (1) the supposed greater 
frequency of tumor-formation in man and the higher animals than in 
those lower in the scale—the development of tumors being thus pari 
passu with that of the nervous system ; (2) the absence of nerves from 
tumors ; (3) the facts that tumors have no function and that they grow 
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independently of the other parts of the body, often flourishing luxuri- 
antly while the rest of the organism is much emaciated—the latter 
peculiarity appearing to depend on some freedom from central control. 
(4) It may also be noted that the growth known as molluscum Jibrosum 
appears definitely connected with nerve distribution, and that alterations 
in neighboring nerve-trunks have been found in certain cases of sar- 
coma (Campana). So little is, however, known of the action of the 
nervous system on the tissues that this hypothesis is at present some- 
what visionary. 


Conclusions.—F'rom the preceding considerations it seems legitimate 
to draw the following conclusions. (1) Some tumors arise from deyel- 
opmental errors or cell-rests. (2) Other tumors owe their origin to 
chronic tissue-irritation. (3) It is possible, but not proved, that in a 
single class of tumors—carcinomata—the source of irritation may be 
vegetable parasites. It remains to consider whether any general 
principle can be found to connect together these apparently diverse 
causes. 

It is well known that chronic irritation of tissues is accompanied by 
continual attempts at repair on the part of the tissues, which attempts 
are constantly interrupted by the irritant. In other words, there is 
irregular cell-multiplication. An example of this may be seen at the 
margin of a chronic ulcer. Here microscopical examination shows that 
there occur masses of epithelial cells embedded among the granulation- 
- tissue, and cut off from the surface-epithelium in which they originated. 
It requires no great stretch of imagination to see in such isolated cells 
rudiments of potential tumors, analogous to the developmental “ rests” 
which are recognized as the other great source of new-growths. If this 
be so, tumors may be said to originate in groups of cells which have 
become severed from their natural connections in the body, whether this be 
the result of developmental errors or of other causes. What exactly is 
implied by “natural connections” requires further elucidation: it is 
possible that it is in this direction that we may look for the action, or 
failure of action, of the nervous system, as was suggested above. 

Recent experiments supply facts to some extent favoring this sug- 
gested explanation of the origin of tumors, Thus Birsch-Hirschfeld 
and Garten injected emulsions of living embryonic cells into the livers 
of adult animals, and found that in some cases definite tumor-like 
growths resulted. These, however, did not persist, but were ultimately 
absorbed. Further, Lack has described an experiment by which cells 
from the ovary of a rabbit were set free in its peritoneal cavity, and 
as the result of this a definite carcinomatous mass with secondary 
growths developed. Taken together, these experiments appear ( if con- 
firmed) to prove that free embryonic or epithelial cells set free in the 
tissues may form tumors. Further, they throw some light on the pos- 
sible nature of the difference between benign and malignant growths. 
In the first-mentioned series of experiments it was found that only 
cells from young embryos were capable of the development described : 
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those from more advanced foetuses were merely absorbed by the tissues. 
This appears to indicate that, in order that tumors may develop, a cer- 
tain relation must exist between the vigor of the aberrant cells and 
that of the surrounding parts. If the free cells are vigorous and the 
tissues comparatively non-resistant, a rapidly growing tumor will result : 
this will infiltrate surrounding tissues, and portions will be easily carried 
away to form secondary deposits. If, on the other hand, the tissues 
are more resistant, the invading cells will grow slowly and with difh- 
culty, and there will be time for a capsule of connective tissue to be 
formed around them: the tumor will then be an innocent one, as in the 
case of an implantation cyst. Should the resistance of the tissues be 
subsequently weakened, innocent growths may become malignant, as is 
not infrequently seen to occur. Finally, if the resistance of the tissues 
is sufficient, any cells which are accidentally set free are absorbed and 
not permitted to establish a footing. This is presumably the case with 
the majority of mankind, who are exposed to the cause of tumor- 
formation equally with the minority who develop the disease: only 
those whose tissues are of feeble resisting power against invading cells 
become the subjects of new-growths. Simple traumatism, such as blows, 
to which many patients attribute the origin of their trouble, may be 
the agent by which cells are torn from their connections and allowed 
to take on independent growth. 

Classification—In our present state of ignorance no satisfactory 
classification of tumors is possible. ‘The one here adopted is based 
upon their histological characters. Tumors arising from mesoblastic 
tissues are arranged in three groups: first, resembling the most highly 
differentiated tissues; the second, the ordinary connective tissues ; and 
the third, the embryonic tissues. In dealing with tumors from epi- 
blastic and hypoblastic tissues the same order is followed. 

For the sake of convenience, all cysts are grouped together at the 
end of tumors—though the great majority of cysts are not new-growths. 
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III.—Type of Embryonic Connective Tissues. 


i I.—Type of Higher Tissues. 
Hiv perotaMUsCle vic) Joa emis ee See Myoma. 
Pv WetOMMELV.e = os ot. ys sss ae Neuroma. 
iRyeroibloodvessels ¢: \) =) sae Angioma. 
| Type of lymphatic vessels... . . Lymphangioma. 
| 
g | II.—Type of Fully Developed Connective Tissues. 
3 1 Type of fibrous tissue . . . . . . . Fibroma, 
& | Type of mucous tissue . 2... Myxoma. 
= Type of adipose tissue. . . . . . . Lipoma. 
| Type oficammlasermos- + - . 5. Chondroma. 
Type of bonemwemramtn 9): - - - Osteoma. 
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The varieties of Sarcoma. 
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IV.—Type of Epithelial Tissues. 


Epiblast ( Papille of skin or mucous membrane . ( Papilloma. 
and Adenoma. 
Hypoblast. | Glands Carcinoma. 


V.—Teratomata, or Congenital Mixed Tumors. 


x MYOMA. 


Myomata are tumors consisting of muscular tissue. There are two 
varieties—rhabdomyoma and leiomyoma. 

1. Rhabdomyomata consist of striated muscle combined with varied 
but generally considerable amounts of connective tissue. They are 
congenital and very rare. The kidney and testis are the commonest 
sites. The striated muscle-cells in congenital growths of these organs 
are probably due to the original inclusion, in the Wolffian body, of cells 
from the adjacent muscle-plates. 

2. Leiomyomata consist of non-striated muscle-cells, more or less 
isolated or grouped into fasciculi of various sizes, with a varying 


ANS AS 
Z Re : 
Be / Wee 


Sa rt 


Myoma of uterus, showing the interlacing bundles of muscle-cells running in all direc- 
tions. x 90. 


quantity of connective tissue and bloodvessels (I"ig. 41). The mus- 
cular elements either present an approximately regular arrangement, 
or pass in all directions through the tumor. The bloodvessels, which 
usually are not numerous, are distributed in the connective tissue. 
Leiomyomata are most frequent in the uterus ; they also occur in 
the prostate, the cesophagus, the stomach, and the intestines. They 
frequently become pedunculated and form polypi. They are much 
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commoner than the striated growths, and are probably strictly homol- 
ogous. They may form distinctly circumscribed tumors surrounded by 
a fibrous capsule, or ill-defined irregular masses in the midst of the 
muscular tissue in which they grow. 

The most frequent secondary change which myomata undergo is 
calcification. Hemorrhage, mucoid softening, and the consequent forma- 
tion of cysts are occasionally met with ; also inflammation, ulceration, 
and necrosis. 

Clinically, myomata are never malignant. 

Myoma of Uterus—The uterus is by far the most frequent seat 
of myomata, and here they constitute the so-called “uterine fibroids.” 
In most of these muscular tumors of the uterus there is a large pro- 
portion of connective tissue—hence the terms “ fibroid” and “ fibro- 
myoma.” This is the case especially in older growths. Those newly 
developed, on the other hand, consist almost entirely of true muscular 
tissue. These tumors are often multiple. They either form firm, hard 
masses embedded in the uterine walls, or project into the uterine or 
abdominal cavities, thus forming the intramural, subperitoneal, and 
submucous varieties. When projecting into the uterus they constitute 
a common form of uterine polypus. They do not form till after 
puberty, and are commonest in elderly sterile females. Their growth 
is usually slow. Pregnancy causes them to enlarge rapidly, and they 
undergo some involution after delivery. They generally atrophy at 
the menopause. ‘The older ones are liable to become calcified. They 
also sometimes undergo mucoid softening, which gives rise to the 
formation of cysts in their interior. 


NEUROMA. 


Neuromata are tumors consisting of nerve-tissue, and are among 
the rarest of new-growths. 

They are usually made up of a mass of ordinary medullated nerve- 
fibres ; they, therefore, resemble the cerebrospinal nerves in structure. 
Virchow has also described, as exceedingly rare formations, tumors 
composed of non-medullated fibres and of ganglionic nerve-tissue. 
Neuromata are generally small, hard, and single tumors. They always 
originate from pre-existing nerve-tissue, which fact determines their 
site. Clinically, they are described as innocent, painful, and of slow 
growth. 

Recent investigations have shown that most tumors, formerly 
described as neuromata, are really fibrous, fatty, or myxomatous 
growths occurring in connection with nerves, and so distributed among 
the nerve-fibres that it is difficult to ascertain whether any new growth 
of nerve-tissue has occurred other than elongation of the pre-existing 
nerve-elements. Most of the small, hard, painful tumors occurring in 
connection with nerves are probably fibromata. Of similar nature are 
the plexiform masses found in the skin and subcutaneous tissue, and 
known to be hereditary (see p. 100). 
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The term amputation-neuroma is applied to the bulbous ends of 
nerves sometimes found in stumps. They consist of fibrous tissue con- 
taining masses of rolled-up nerve-fibres—attempts at repair rather than 
tumors. They are usually connected with the cicatricial tissue of the 
stumps. 


GLIOMA. 


Gliomata are tumors composed of neuroglia-tissue. The cells are 
similar to the stellate or spider-shaped cells with large nuclei, which 
normally form this tissue, but they may be so packed that their pro- 
cesses are hidden: the microscopic appearances of the tumor are, there- 
fore, not unlike those of a round-celled sarcoma. In other cases the 
cells are comparatively few and their processes distinct, so that their 
structure resembles that of a myxoma. The vessels vary in number 
and size, and are frequently supported in fibrous septa derived from 
the pia mater. The adventitia of the vessels is generally thickened 
and may often undergo hyaline changes. 

To the naked eye, these tumors are of almost the same consistency as 
the brain-substance, but generally ofa grayer color. As in other tumors, 
the larger the proportion of cells the softer is the tumor. Although 
gliomata grow slowly, they are not encapsuled ; and although they pro- 
gressively infiltrate the tissues, they do not give rise to secondary growths 
unless they take on distinctly sarcomatous structure. 

Among the secondary changes that may be found in these growths 
are small hemorrhages into their substance ; they may also undergo fatty 
degeneration or cystic changes. 

Gliomata originate in those parts which are outgrowths of embryonic 
cerebral vesicles—i. e., brain, spinal cord, optic nerves, retina, and olfac- 
tory lobes. In the spinal cord the tumor grows along the periependymal 
tissue, giving rise to the condition known as “ syringomyelia.” 

Clinically, these growths are innocent, though they may occasionally 
become sarcomatous. 


X- ANGIOMA. 


Angiomata consist of bloodvessels held together by a small amount 
of connective tissue. 

They may be divided into two varieties, (1) simple or capillary angio- 
mata, made up of new vessels roughly resembling ordinary bloodvessels ; 
and (2) cavernous angiomata, consisting of a cavernous structure similar 
to that of the corpus cavernosum of the penis. 

1. Capillary Angiomata.—These tumors consist of a mass of blood- 
vessels, including arteries, veins, and capillaries in various proportions, 
bound together by a small quantity of connective tissue and fat. The 
lumen of the vessels may be cylindrical, sacculated, or fusiform. The 
thickness of the walls varies, those of the capillaries being often much 
thicker than is usual in normal vessels (Fig. 42). 

These growths occur principally in the skin and subcutaneous tissue : 
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in the former, they give rise to the common cutaneous nevi, and the so- 
called port-wine stains or mother’s marks ; in the latter, they form soft, 
spongy tumors imparting a bluish color to the overlying skin. They 


Capillary nevus from subcutaneous tissue of a child. Vessels of new growth : a,normal artery ; 
f, fat-cells; c, capsule; cap, capillaries with thickened walls X 100. (Boyd.) 


are probably always congenital, though they may not be noticed for a 
few weeks after birth. 

Capillary angiomata are often combined with other growths, such as 
lipoma, glioma, or sarcoma. Sometimes cysts containing altered blood 
form in them: these are probably due to hemorrhage. 

2. Cavernous angiomata are made up of irregular fibrous alveoli, 
which communicate freely with one another, and are lined with an 
endothelium similar to that of the veins (Fig. 43). These spaces are 
distended with blood, which is supphed to them by numerous tortuous 
vessels and circulates with varying degrees of rapidity. The arteries 
open directly into the spaces. These growths are commonly of a bluish 
color, and may be diffuse or form distinctly circumscribed tumors, 
sometimes exhibiting distinct pulsation. Their favorite seat is the skin 
and subcutaneous tissue ; but they may also occur in the orbit, muscles, 
liver, spleen, and kidneys. They may develop by dilatation of the 
vessels of a simple angioma. They may be congenital; but in the 
liver Ziegler thinks they develop after middle age, when the cells begin 
to atrophy. 

Cirsoid Aneurism.—This term is applied to a change in the arteries 
of an area, especially on the head, by which they become dilated, greatly 
elongated, and tortuous ; it is doubtful if new vessels are formed. Some 
cirsoid aneurisms are congenital ; others follow injuries. 

Angiomata—both capillary and cayernous—are frequently found in 
the neighborhood of embryonic clefts—either facial or branchial—as 
well as at the orifice of the urethra (urethral caruncle). In other cases, 
their position seems to depend upon nerve-distribution : thus, cutaneous 
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angiomata (nev?) may be found limited to the area of distribution of 
one branch of the fifth nerve. Ina large number of cases, however, 
the position of angiomata does not conform to either of these rules. 


Fia. 48. 


Cavernous nevus of the liver. From a woman aged thirty-nine. s, s, large spaces bounded by 
fibrous walls, some containing blood-débris; c, liver-tissue toward which the growth is 
bounded by thick fibrous walls. 30. (Boyd.) 


According to Thoma, the formation of the new vessels is dependent 
upon variations in the relationship which the intravascular pressure 
bears to the normal pressure exerted on the vessels by the tissue con- 
cerned. He further points out that when the different orifices of the 
body are being formed various internal parts become external, and vice 
versa. In this way the relative pressure in different parts is liable to 
considerable alteration, and local growths of new vessels may, according 
to Thoma’s hypothesis, easily oceur. The same observer has shown 
that in feetal life the growth of the section of a vessel is proportionate 
to the rate of flow through it, and that the lumen of the new vessels 
will be large or small accordingly. 


+  LYMPHANGIOMA. 


Lymphangiomata are tumors consisting of abnormally large lym- 
phatic vessels. It is doubtful how much of the growth is due to simple 
dilatation and how much to new formation of lymphatic vessels. 
Strictly speaking, very few lymphangiomata are “tumors.” The 
divisions are the same as those of angioma—capillary and cavernous. 
A section of the latter would scarcely be distinguishable from one of 
cavernous nevus (Fig. 43), except by the contents of the spaces. There 
is generally fat in the stroma. 
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Each kind may be congenital or acquired. Congenital dilatations 
are found in the tongue (macroglossia), lip (macrocheilia), and labium, 
causing hypertrophy of the parts. They are also found in other parts 
of the skin. 

Acquired dilatation of lymphatics is found in the skin and subeuta- 
neous tissue, especially of the thigh and thorax. In this way tumors 
as large as an orange may be formed in the subcutaneous tissue. Dan- 
gerous loss of lymph may occur from rupture of one of the vessels. 
Fibroid thickening may take place in the parts from which the lym- 
phatics pass to the tumor, which in the skin may assume the appearance 
of a wart. 


* FIBROMA. 


Fibromata consist of fibrous tissue. 

The fibres, which constitute the chief part of the growth, are either 
loosely or densely packed, and are.arranged in intersecting bundles of 
various sizes or in whorls around the bloodvessels (Fig. 44): in many 
cases no definite arrangement is recognizable. Yellow elastic fibres are 
very rarely met with. 


transversely. > 100. 


The cells, like those of normal fibrous tissues, are generally few in 
number, and are usually most abundant around the vessels. They are 
minute, spindle-shaped, fusiform, or stellate bodies, with processes of 
varying length, which communicate with similar processes from neigh- 
boring cells. The cells vary in size and number with the rapidity and 
age of growth—the slower and older the growth, the denser the tissue, 
and the flatter and less numerous the cells. 

Fibromata usually contain but few bloodvessels. In the softer 
growths, however, these are often more numerous, and may form an 
important constituent of the tumor (fibroma teleangiectaticum, angio- 
fibroma). Dilated veins sometimes form a cavernous network, the 
walls of which are firmly united to the tissue of the tumor, so that if 
divided or ruptured they are unable to retract or collapse, and profuse 
hemorrhage may ensue (fibroma cavernosum). 
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Partial mucoid softening and calcification are the most common 
secondary changes; ossification takes place in fibromata springing from 
bone. Ulceration also sometimes occurs in those growths which are 
situated in the skin and submucous tissues. 

Fibromata originate from connective tissue, from the cutis or sub- 
cutaneous tissue, from submucous or subserous tissue, from fascia, 
from periosteum, from neurilemma, or from the connective tissue of 
organs. 

Clinically, fibromata are perfectly innocent : they grow slowly, and 
do not recur after removal. 

Fibromata are generally divided into two varieties, soft and hard, 
corresponding to, and usually originating from, the loose and dense 
varieties of ordinary connective tissue respectively. 

1. Soft Fibromata.—These consist of the looser and less dense form 
of fibrous tissue. They are met with as diffuse growths in the subcu- 
taneous and submucous tissues. In the former situation they often 
form large pedunculated and non-encapsuled tumors, which are com- 
monly known as wens. These are sometimes multiple. An extensive 
thickening of the skin and subcutaneous tissue over one or more limbs 
sometimes occurs, producing large masses which hang down from the 
thighs, buttocks, and other parts (elephantoid fibroma). 

In addition to these diffuse growths, more circumscribed and encap- 
suled fibrous tumors of the soft variety are occasionally met with, 
growing from the scalp, scrotum, labium, intermuscular septa, or other 
situations. 

2. Hard Fibromata.—These are composed of dense fibrous tissue like 
that in tendons. They are firm, hard, encapsuled tumors, presenting 
on section a grayish-white, glistening, fibrous appearance. These 
tumors often oceur in connection with bone—especially the upper and 
lower jaws—originating either in the centre of the bone or in the peri- 
osteum. Growing from the periosteum of the alveolus they constitute 
simple fibrous epulis. They are also met with in the nose, where they 
form one variety of nasal polypus, and in the nasopharynx, springing 
from the front of the spine, or from the base of the skull. In these 
firm fibrous growths the veins may form cavernous spaces. 

Some old tumors of the uterus are almost pure fibromata ; but the 
so-called uterine “ fibroids” are in most cases local overgrowths of the 
involuntary muscular tissue of the organ (p. 94). 

Tumors consisting mainly of hard or soft fibrous tissue are fre- 
quently met with in the breast; but in this situation they always 
contain at least a few foci of proliferated gland-tissue, and are generally 
described as adenofibromata (p. 124). ’ 

Warts (p. 121) and nevi (p. 96) are sometimes classed as fibro- 
mata. 

Neurofibromata (Halse Newromata).—These hard fibrous tumors 
most frequently occur in connection with the superficial nerves. T hey 
grow from the perineurium and endoneurium, and as they increase in 
size the nerve-fibres become expanded over or buried in them. They 


100 TUMORS. 


are very firm, rounded tumors, and are frequently multiple and heredi- 
tary. The function of the nerves is not necessarily affected. 

Small wart-like projections from the skin, consisting of soft fibrous 
tissue, grow in connection with the sheaths of cutaneous nerves (von 
Recklinghausen), and are known as molluscum fibrosum. They are 
probably, therefore, neurofibromata. 


Fibropsammomata.— These are soft fibrous growths containing 
large numbers of concentrically laminated calcareous masses, already 
described as corpora amylacea (p. 72). They give rise to the so-called 
“brain sand ”’—hence the name of the growth. 

Psammomata grow from the pineal gland, the membranes of the 
brain, or the choroid plexus. In the last-named structure a psammoma 
often contains numerous cysts. Such growths are of no pathological 
importance except when of sufficiently large size to produce symptoms 


by pressure. 


MYXOMA. 


Myxomata consist of mucous tissue—1. e., a fragile connective tissue 
of which the intercellular substance is translucent, homogeneous, and 
jelly-like, containing much fluid, and 
yielding mucin. Physiologically, this 
tissue is met with in the vitreous body of 
the eye, in which the cells are roundish 
and isolated ; and in the wmbilical cord, 
in which the cells are fusiform or stel- 
late, and give off fine anastomosing pro- 
longations. All embryonic connective 
tissue, especially that which  subse- 
quently becomes adipose, possesses an 
intercellular substance containing much 
mucin. New formations may undergo 
mucoid degeneration, and thus closely 
Myzoma. From thearm;showingthe resemble myxomata in their physical 

characteristic branched anastomo- i . 

sing cells, a few leucocytes, and 20d chemical characters ; but a myxoma 

one or two spindle-cells. X 200. consists of mucous tissue from the first. 

Myxomata are thus very closely allied 
to sarcomata, and by many are included in the same class of new 
formations. An cedematous fibroma or lipoma closely resembles a 
myxoma or myxolipoma. 

Structure——The majority of the cells are angular and stellate, with 
long anastomosing prolongations ; others are isolated, and fusiform, oval, 
or spherical in shape (Fig. 45). Their contour is very indistinct, 
owing to the refractive nature of the intercellular substance. The 
latter is very abundant, perfectly homogeneous, soft, gelatinous, viscid, 
and yields large quantities of mucin: in it are a varying number of 
amoeboid cells. Bloodvessels are not numerous, and are readily visible 
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and easily isolated. A few elastic fibres are sometimes seen between 
the cells. 

To the naked eye, myxomata are of a peculiar soft gelatinous con- 
sistence, and of a pale grayish or reddish-white color. Their cut 
surface yields a tenacious mucilaginous liquid, in which may be seen 
the cellular elements of the growth. They are usually separated from 
the surrounding structures by a very thin fibrous capsule. Fine pro- 
longations extend from this into the growth, dividing it into lobules 
of various sizes. In exceptional cases a myxoma may increase by the 
continuous invasion of the surrounding tissues. ~ 

Among the secondary changes the most common are rupture of the 
capillaries, hemorrhage, and the formation of blood-cysts ; these, how- 
ever, are less frequent than in sarcomata. The cells themselves may 
undergo mucoid or fatty degeneration, and thus be destroyed: this is 
usually accompanied by liquefaction of the intercellular substance. 
The growth is liable to inflammation, ulceration, and necrosis. 

The varieties of myxoma depend principally upon its combination 
with other growths; a pure myxoma is very unusual. The most 
common combination is a myxolipoma. Combinations with sarcoma, 
fibroma, chondroma, and adenoma are also met with. 

Myxomata originate from connective tissue, and are most common in 
subcutaneous and subserous fat, and in submucous and intermuscular 
tissue. They also grow from the periosteum and medulla of bone, from 
the connective tissue of organs (especially the breast), and from the peri- 
neurium of nerves, forming one variety of false neuromata. They may 
grow from the placenta, constituting the so-called “ uterime hydatids.” 

When situated in superficial parts they may become pedunculated : 
in the submucous tissue of the nose they constitute one form of nasal 
polypus. They not infrequently seem to result from chronic catarrh. 
In the skin they are often papillary. 

Clinically, myxomata occur chiefly after midlife, and are, for the 
most part, benign. Their growth is usually slow, but they may attain 
an enormous size. If completely removed-they rarely recur. Some- 
times, however, they recur locally after removal, but they probably 
never reproduce themselves in internal organs. In speaking of their 
malignancy, their occasional association with sarcomata must be borne 
in mind. 


y: LIPOMA. 


A lipoma, or fatty tumor, is a localized and circumscribed formation 
of fat. 

Lipomata resemble in their structure adipose tissue (Fig. 46). They 
consist of cells containing fat, and a variable quantity of common con- 
nective tissue. The cells are like those of adipose tissue, though 
usually somewhat larger. The nucleus and protoplasm are so com- 
pressed against the cell-wall by the fluid contents that they are readily 
visible only when the cell is atrophied and contains less fat (Fig. 9, 
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p. 39). More or less connective tissue unites the cells into masses or 
lobules which are larger than in normal adipose tissue, and forms in 
most cases around the tumor a thin capsule 
more firmly adherent to surrounding parts 
than to the tumor, so that the latter shells 
out easily. Bloodvessels are distributed in 
the fibrous septa. Mucous tissue is often 
associated with the fatty (myxolipoma). 

To the naked eye, lipomata are more or 
less lobulated, and usually surrounded by a 
fibrous capsule. When subcutaneous they 
move freely over the deep fascia; but often 
the attempt to raise the skin from them 

Pe cithus mene it to dimple, showing that they are 

sé 200, adherent to it. On section, they present the 

ordinary appearance of adipose tissue, with 

more or less dense fibrous septa between the lobules. Their consistence 

and their adhesion to the capsule vary with the amount of fibrous tis- 

sue which they contain. In their growth they occasionally become 
pedunculated. 

Secondary changes in lipomata are not common ; their fibrous septa 
may, however, become calcified, or even ossified. Softening may occur 
occasionally from mucoid change. Inflammation is rare ; but when they 
are large and situated in the subcutaneous tissue the skin over them 
may become adherent, and ulceration and necrosis of the tumor occur. 

The chief varieties are fibrolipomata, in which the fibrous tissue is 
excessive, and myxolipomata, or combination of mucous with fatty tissue. 
For liposarcoma, see p. 109. 

Lipomata originate from connective tissue, and their possible distri- 
bution is almost coextensive with that of adipose and connective tissue. 
They occur most frequently in the subcutaneous tissue of the trunk, 
especially of the back and abdominal wall ; sometimes in intermuscular 
septa, subsynovial and subserous tissues; and occasionally also in the 
submucous tissue of the stomach and intestines, and even in internal 
organs where there is normally no fat. 

Clinically, lipomata are quite innocent ; they grow slowly, but may 
attain a huge size; they are usually single, but are not infrequently 
multiple and hereditary. Sometimes they change their position con- 
siderably, presumably from the influence of gravity. However 
emaciated the individual may become, the fat of a lipoma is but 
slightly diminished, and never under any circumstances disappears. 


NY CHONDROMA. 


A chondroma is a tumor composed of cartilage. 

In minute structure these tumors consist of cells and of inter- 
cellular substance, both of which present all the variations observed in 
normal cartilage. . The intercellular substance may be hyaline, fibrous, or 
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mucoid. When fibrous, the fibres may be arranged like those of’ fibro- 
cartilage, or more or less concentrically around the cells, as in the 
reticular cartilages of the ear and larynx. The fibres may be distinet 
or hardly perceptible. When hyaline or mucoid, the intercellular sub- 
stance is sometimes quite soft in consistence. The cells may be round, 
fusiform, or stellate, and numerous or few, in proportion to the matrix. 
In the fibrous form they are often small, and somewhat like those of 
connective tissue ; in the hyaline forms they are usually large, and 
round or oval (Fig. 48) ; and in the rarer mucoid forms they are more 
commonly stellate and branched, like the transitional cells at the edge 
of articular cartilages where the synovial membrane ends. The cells 


Fria. 47. 


Ossifying chondroma of femur. a, cartilage-cells; b, cells near surface of tumor, resembling 
those seen in osteoid tissue (p. 104); ¢, calcifying matrix. > 125. 


occur singly or are arranged in groups, and are usually surrounded by a 
capsule, as in normal cartilage, although this is often very indistinct. 
A cell possesses one or more nuclei surrounded by granular protoplasm ; 
sometimes a cell-wall cannot be distinguished. 

To the naked eye, the more slowly growing chondromata are hard 
or slightly elastic tumors, smooth or lobulated, and seldom exceeding 
the size of an orange. They are encapsuled, and consist either of a 
single tumor or of several smaller masses held together by fibrous 
tissue in which the few bloodvessels run. On section, they present 
the appearance and consistency of cartilage, frequently modified by 
one or other of the secondary changes mentioned above. The appear- 
ances may be those of a fibroma, the cartilage-cells being unrecog- 
nizable without the aid of the microscope. 

The more rapidly growing forms, such as often start from the pelvic 
bones or ribs—myxochondromata, osteochondromata and chondrosar- 
comata—are much larger, softer, and more vascular, and never present 
the appearance of pure cartilage ; only a few islets at most will be dis- 
tinct in the soft grayish tissue, which is not separated by any capsule 
from the adjacent tissues. . 

Calcification is the most common secondary change. It affects with 
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peculiar frequency the largest group of chondromata—those of the 
phalanges and metacarpal bones of the hands. It spreads from many 
centres, commencing in the capsules, and then involving the intercel- 
lular substance. Ossifieation is especially frequent in chondromata which 
grow near the junction of the epiphyses and shafts of long bones 
(Fig. 47). These ossify as they grow and form pedunculated exos- 
toses. The common subungual exostosis of the great toe is generally 
an ossifying fibroma, chondroma, or fibrochondroma. Fatty degenera- 
tion and mucoid softening are common 
changes, and may lead to the formation 
of large softened masses which present 
the appearance of cysts. In rare cases the 
skin covering the tumor ulcerates, and 
a fungating mass protrudes. 

The varieties of chondroma depend 
upon the nature of the intercellular sub- 
stance, and are, therefore, fibrous, hyaline, 
and mucoid: these are often combined 

Hyaline chondroma. x 200. in the same tumor. As a_ rule, those 
originating from the medulla of bone are 
of the hyaline and mucoid class, whilst those originating from connec- 
tive tissue in other situations are more frequently fibrous. The rapidly 
growing fibrous forms approach very closely to, and merge with, the 
sarcomata (chondrosarcoma), while the mucoid forms resemble the 
myxomata (myxochondroma) ; and these two kinds of growth are 
often associated in the same tumor. Chondromata are rarely homolo- 
gous in the strict sense (p. 82), and when associated with sarcomata 
are malignant. 

A variety of chondroma has been described under the name of osteo- 
chondroma, which in structure more closely resembles bone than cartilage. 
It consists of a tissue similar to that met with between the periosteum 
and bone in rickets, which, from its resemblance to osseous, has been 
called osteoid tissue. This only requires calcifying to become true bone. 
Like bone, it is made up of trabeculee and medullary spaces ; but the 
trabecule, instead of being formed of bone-corpuscles and lamellee, con- 
sist of small angular cells without a capsule, situated in an obscurely 
fibrillated matrix, which in part is calcified. The medullary spaces 
contain a fibrous stroma and many bloodvessels. Osteochondromata, 
although consisting mainly of this osteoid tissue, contain also a small 
proportion of cartilage. They originate beneath the periosteum, their 
common seat being the ends of the long bones. Their growth is very 
rapid, and they often attain an enormous size. They are much more 
freely supplied with bloodvessels than the ordinary chondromata, and 
hence they are much less frequently the seats of retrogressive changes. 
They are especially prone to become ossified, and to be thus converted 
into true bone. 

Chondromata most frequently originate from common connective tissue 
and bone (enchondromata), and only rarely from cartilage (ecchondromata). 
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About three-fourths of them start in connection with bones, growing 
either centrally or subperiosteally. Their favorite seats are the bones of 
the fingers (Fig. 49) and toes, the lower end of the femur and the upper 
ends of the humerus and tibia. Much less often, the ribs and the hip- 
bone are attacked. Virchow has shown that islands of cartilage not 
uncommonly remain in the shafts of bones; and it is probable that 


Fic. 49. 


Multiple chondromata of hand. From a child. The replacement of considerable portions of 
the phalanges and metacarpal bones by a mass of mingled bony and cortilaginon ie 
is well shown. (From a patient of Mr. Clinton Dent’s. Skiagram by Mr.Swinton. % nat. 


size.) 


many chondromata spring from such islands (p. We The tumors ae 
erally begin before the ossification of the epiphyses, whilst the bor is 
actively growing and vascular. Most of the remaining fourth occur, in 
combination with other tissue-elements, as “mixed tumors” in the 
parotid and testicle. Cohnheim suggests, as the source of artilage in 
the parotid, an aberrant bit of the rudiment of the jaw; Virchow, a 
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piece of the pinna. In the testis a portion of the rudiment of a verte- 
bra may have been included. The intermuscular septa, the subcutaneous 
tissue of the breast, and the lungs are occasional seats. 

Chondromata are sometimes seen on the surface of the articular car- 
tilages, in the larynx and trachea, and on the costal and intervertebral 
cartilages. They are simply local overgrowths of hyaline cartilage. 

Clinically, chondromata are for the most part innocent growths. 
They are usually single, except when occurring on the fingers and toes, 
in which situation they are more frequently multiple. The central 
growths of the phalanges and metacarpal bones occur in children, or 
before ossification is complete: the graver, subperiosteal, forms are com- 
moner later on. Chondromata tend to stop growing at puberty. 


\£ OSTEOMA. 


Osteomata are tumors consisting of bone, either compact or cancel- 
lous. 

Osteomata are the result of the ossification of newly formed connec- 
tive tissue other than of inflammatory origin. They must be clearly 
distinguished (1) from the simple ossification of normally existing tissues 
—e.g., costal, laryngeal, or bronchial cartilages, whole muscles (myositis 
ossificans), insertions of muscles (rider’s bone in the adductor longus 
tendon), and membranes of the brain ; and (2) from similar ossification 
of inflammatory tissue—such as nodes or general thickenings of bones, 
the sharp stalactitic processes which may grow round an inflamed joint or 
on the surface of bone, and the smooth round prominences which almost 
encircle a joint in rheumatoid arthritis. They must be distinguished, 
also, from calcareous deposits in which there is no bone formed (p. 92). 

Osteomata are generally divided into two main varieties—1. Ho- 
mologous osteomata, subdivided into exostoses and enostoses, according as 
they project (i) from the surface or (ii) into the medullary canal of a 
bone. 2. Heterologous osteomata. 

1. Homologous Osteomata.—(1) Exostoses are again subdivided, ac- 
cording to the density of the bone of which they consist, into two kinds 
—(a) the compact, wory, or eburnated ; (%) the cancellous or spongy. 

(a2) The compact, or ivory, exostosis grows from periosteum. It 
occurs most frequently on the external and internal surfaces of the 
skull: the orbit is an especially favorite seat. It is also met with on 
the scapula, pelvis, and on the upper and lower jaws. In the last-named 
situation it may grow from the dental periosteum. An osteoma grow- 
ing from the root of a tooth is known as a dental osteoma. An odontoma 
is a tumor composed of dentine: it may grow from the root, neck, or 
crown of a tooth. 

Such growths are smooth, low, rounded, wide-based, covered by the 
periosteum, and continuous with that of the old bone from which the 
grow. On section, they are throughout of ivory-like density, and they 
are usually well defined from the adjacent tissue. Microscopically, the 
lamelle are arranged concentrically and are parallel to the surface of 
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the tumor ; cancellous tissue is absent, and Haversian canals are few 
and narrow. Some specimens are less dense, the Haversian canals 
being as numerous as in ordinary compact bone, but less regularly 
arranged. 

(8) The spongy, or cauliflower, exostosis is really an ossifying chon- 
droma. It grows from cartilage, usually near the junction of an 
epiphysis of a long bone with the shaft. It is especially common at 
the lower end of the femur and at the upper ends of the tibia and 
humerus. Its outline is less regular than that of the ivory growths ; 
but it is prominent, more or less pedunculated, and, so long as it is 
growing, covered by a cap of cartilage. When this cap ossities growth 
ceases (osteophyte). A section shows that the mass consists of spongy 
bone, directly continuous with the cancellous tissue of the bone whence 
it springs, and surrounded by a thin layer of compact bony tissue. The 
medullary spaces may contain embryonic, fibrous, or fatty tissue. 

(2) The enostosis is a dense bony growth projecting into the medulla, 
and is very rare. Osteomata sometimes remain imbedded in the can- 
cellous tissue, and are then termed central osteomata. 

2. Heterologous osteomata are very rare as primary growths. They 
have been described as occurring in the subeutaneous tissue ; but Mal- 
herbe has shown reason for believing that such growths are really 
sebaceous adenomata with ossified stroma (p. 127). Bony tumors have 
very rarely been found in the brain and cerebellum. Parts of fibromata, 
lipomata, and chondromata may ossify. The secondary growths of 
ossifying sarecomata connected with bone often ossify. 

The commonest secondary change is inflammation. Osteomata may 
also become carious or necrose. The last change is most likely to oceur 
in ivory exostoses, effecting their separation and cure. 

Osteomata generally originate from bone (hoinologous), commencing 
in the periosteum, medulla, or persistent islands of cartilage ; but con- 
nective-tissue tumors, apart from bone (heterologous), may ossify. 

Clinically, osteomata are perfectly innocent tumors. Their growth 
is very slow. They rarely attain a large size. They are often hered- 
itary and multiple, in which case they usually occur in early life. 
Osseous growths which exhibit malignant characters are either sarco- 
mata or chondrosarcomata which have undergone partial ossification. 
From these, true osteomata must be carefully distinguished (p. 116). 
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Sarcomata are tumors consisting of tissue resembling some stage In 
the development of any of the connective tissues. In the central parts 
of some of these tumors the structure resembles the most fully developed 
of these tissues, such as fibrous tissue, cartilage, or bone. In this way 
a mixed tumor may result. 


Structure.—Sarcomata consist of cells imbedded in intercellular 
substance. 
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The cells, which usually constitute almost the whole of the growth, 
consist for the most part of simple masses of nucleated protoplasm, 
rarely possessing a limiting membrane. There are three principal 
varieties of cell—round, spindle, and myeloid. The round and spindle 
cells may be either small or large. The myeloid cells are much larger 
than the others. They are irregular and multinucleated, varying both 
in size and in the number and size of the contained nuclei. One 
cell may have as many as thirty nuclei. Though in any given tumor 
one form of cell usually predominates, two or more varieties may fre- 
quently be associated. 

The intercellular substance or stroma usually exists in but small 
quantity. Jt intervenes between all cells and is as closely connected with 
them us in ordinary connective tissue. These points are often relied upon 
to distinguish certain sarcomata from carcinomata, but they do not 
always hold good (p. 118). 

The stroma may be fluid and homogeneous, or firm and granular, 
or more or less fibrous, or even chondrified and ossified. On its amount 
and nature the consistence of the growth depends. 

The bloodvessels are usually very numerous. The larger lie in the 
stroma which supports them ; the smaller are usually in direct contact 
with the cells. Their distribution is very irregular, and their walls are 
often formed by nothing but the cells of the tumor, though a single 
layer of endothelial cells may separate the blood from the cells. Hence, 
on the one hand, the ease with which portions of the tumor are carried 
away in the blood-stream and the tumor thus generalized ; and, on the 
other, the frequency with which the vessels rupture and permit extrava- 
sation of blood into the substance of the growth. LLymphatics are 
unknown. 

An examination of the growing border usually shows a great excess 
of small round cells over all other forms, These cells extend along the 
connective tissue in all directions, and force themselves between the 
essential elements of muscles, glands, and any adjacent organs, while 
these elements themselves become pale, undergo atrophy, and finally 
disappear (Fig. 50). In the invaded connective tissue many cell-forms 
are seen, which may possibly indicate multiplication of the fixed cells : 
it is not known whether such cells help to form the tumor. 

In the ordinary examination of a sarcoma, the appearances in the 
growing edge should not be relied upon, on account of the predomi- 
nance in that part of small round cells over those most characteristic 
of the tumor. 


Physical Characters.—Portions of sareomata which have under- 
gone no secondary changes are soft, semi-translucent, and gray or 
pinkish-gray. These appearances are best seen near the circumference 
of the growth, where the zone of actively growing cells may be narrow. 
The diagnosis—even with the microscope—between a sarcoma, espe- 
cially a fibrosarcoma, and the different forms of simple connective-tissue 
tumors may be exceedingly difficult. This is due to the higher devel- 
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opment of the central parts of the sarcoma into one or other variety of 
fully formed connective tissue. Degenerative processes, such as fatty 
degeneration, and especially hemorrhage, may greatly interfere with the 


Fra. 50. 


Small portion of a muscle near shoulder, from a case of sarcoma of the head of the humerus, 
showing passage of small round cells (probably sarcomatous) along the “lines of least re- 
sistance,’ as in diffuse inflammation. Where the cells are thickest the muscle-fibres are 
obseured or have disappeared. (Boyd.) 


usual appearances : the occurrence of hemorrhage may convert a solid 
tumor into a blood-cyst with a scarcely recognizable wall. 

As a rule, the growing edge is ill-defined, there being no sharp 
line of demarcation between the tumor and the adjacent parts; but 
sometimes a slowly growing sarcoma may acquire a capsule by 
stretching around itself the connective tissue of the organ in which it 


originates. 


Secondary Changes——The most important of these is fatty degen- 
eration. This always occurs to a greater or less extent in the older 
portions of the growth, causing either softening or the production of 
eyst-like cavities. It is frequently associated with rupture of the blood- 
vessels and hemorrhage; the latter may give rise to the formation of 
blood-cysts. Calcification (Fig. 58, p. 116), ossification (Fig. 59, p. 116), 
and mucoid degeneration are less common. ‘The occurrence of calcifica- 
tion, ossification, and pigmentation is influenced by the predisposition 
of the matrix from which the growth is produced—thus, calcification 
and ossification are more prone to occur in tumors originating in con- 
nection with bone, pigmentation in those originating from the cutis or 


eyeball. 


Varieties —Though all sarcomata possess the same general charac- 
ters, they present histological and clinical differences which serve as 
bases for their classification. 

The principal features which are thus utilized are (1) the predomi- 
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nant form of cell; (2) the nature of the intercellular substance ; and 
(3) the secondary changes to which the growths are liable. 

(1) The predominant form of cell enables us to distinguish four 
groups: the round-celled, the spindle-celled, the mixed-celled, in which 
no one form predominates, and the myeloid-celled. Strictly speaking, 
this Jast group is one of mixed-celled sarcomata, but though the 
myeloid cells can never be said to predominate, they are frequently 
so numerous as to be the most striking objects in the field, when 
the growth is examined microscopically (p. 117). 

- (2) The stroma may be mucous, fibrous, cartilaginous or bony ; 
hence we may have a myxosarcoma, fibrosarcoma, chondrosarcoma, and 
osteosarcoma. 

(3) The secondary changes, which sarcomata undergo, serve to dis- 
tinguish differing forms, inasmuch as the peculiarities are reproduced 
in the secondary growths. The chief of these are: melanosarcoma, 
characterized by the development of black pigment, and chloroma, 
a very rare form, with green pigment; liposarcoma, in which the 
cells undergo fatty accumulation ; and calcifying sarcoma, in which 
calcareous infiltration is marked. 


Mode of Growth and Seats.—Sarcomata always spring from con- 
nective tissue, and may occur wherever connective tissue is present. 
It is doubtful whether they start from adult tissue or from some 
embryonic remnant. Congenital warts and pigment-spots often serve 
in later life as their starting-points (p. 88). The skin and subcutaneous 
tissue, fasciee, periosteum, medulla of bone, and lymphatic glands are 
the commonest seats of sarcomata. 


Clinical Characters——Sarcomata occur most frequently in early 
and middle life, and are among the most malignant of new formations. 
They are especially characterized by their great tendency to extend 
locally and to infiltrate the surrounding structures, so that they are 
exceedingly prone to recur 7m loco after removal. Butlin has shown that 
sarcomata of certain parts almost always affect lymphatic glands at an 
early stage—viz., sarcomata of the testis, tonsil, lymphatic glands, 
and some fascize. Those of most other parts show no tendency to 
affect lymphatic glands at all; so that, on the whole, sarcomata present 
a contrast to cancers in this respect. Like cancers they are very 
liable to become generalized. The secondary growths occur most 
frequently in the lungs. The dissemination is effected by means of the 
blood-stream, and is a natural result of the thinness of the vessel-walls 
(p. 108). The dissemination of sarcomata is, on this account, sometimes 
more rapid than that of carcinomata, in which extension in the early 
stage takes place by the lymphatics, and dissemination by the blood 
occurs later in the disease. Secondary sarcomata usually resemble the 
primary growth, but in exceptional cases the several varicties may 
replace one another. 

It has already been pointed out that the different varieties of 
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sarcoma passes very different degrees of malignancy. As a rule, the 
softer and more vascular the tumor, and the less its tendency to form 
fully developed connective tissue, the greater is its malignancy. The 
soft round-celled and large spindle-celled varieties are thus usually 
much more malignant than the firmer, small spindle-celled growths. 
Many small spindle-celled tumors, after removal, never recur ; whilst 
others recur locally several times, and only ultimately reproduce them- 
selves in distant parts. Asa rule, largeness of the spindle-cells, and 
the existence in many of them of more than one nucleus, are together 
evidence of special malignancy. Central sarcomata of bone are much 
less malignant than the subperiosteal varieties ; the latter, with sarco- 
mata of the tonsil and testes, and melanotic sarcoma of the skin, being 
amongst the most malignant of tumors. The presence of a capsule 
limiting the growth must also be taken into account in judging of the 
degree of its malignancy. It must, however, be born in mind that 
encapsuled sarcomata may invade the surrounding structures, giving 
rise to adjacent, but discontinuous, nodules. The myeloid growths are 
the least malignant ; they may in exceptional cases give rise to second- 
ary growths in internal organs, but ‘‘ complete” removal gives a very 
good chance of non-recurrence. The result sometimes occurs with 
growths having every appearance of malignity. 

According to Cohnheim, the very varying malignancy of sarcom- 
atous tumors goes far to prove the necessity for that diminished 
physiological resistance already alluded to (p. 90). 


Round-celled Sarcomata. 


These are of softer consistence than the spindle-celled growths, and 
from their frequent resemblance in physical 
characters in encephaloid carcinoma, are 
sometimes known as “ medullary,” “ en- 
cephaloid,” or “soft” sarcomata. Histo- 
logically, they resemble embryonic tissue, 
consisting mainly of round cells imbedded 
in a scanty and usually soft, homogeneous, 
or finely granular intercellular substance 
(Fig. 51). The cells usually resemble those 
met with in the most elementary em- 
bryonic tissue; less frequently they are 
bigger, and contain large round or oval | 
nuclei, with bright nucleoli. There is an Round-celled sarcoma of the 
almost complete absence of fusiform cells, liver. X 400. 
and of the partial fibrillation which is so 
frequent in the more highly developed spindle-celled variety. 

Round-celled sarcomata are of a uniformly soft, brain-like con- 
sistence, somewhat translucent or opaque, and of a grayish or reddish- 
white color. On scraping the cut surface, they yield a juice which is 
rich in cells. They are exceedingly vascular: the vessels are often 
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dilated and varicose, and, from their liability to rupture, frequently 
give rise to ecchymoses and to the formation of blood-cysts. The 
tumors grow from the cutis, the subcutaneous cellular tissue, the peri- 
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Lymphosarcoma of the mediastinum, showing cells, reticulum, and bloodvessels. The walls 
of the latter are formed principally of sarcoma-cells. x 400. 


osteum, the fascize, and the connective tissue of organs. They extend 
rapidly by peripheral growth, infiltrate the surrounding structures, 
reproduce themselves in internal organs, 
and often involve the lymphatic glands. 
From their clinical and physical charac- 
ters these tumors are very liable to be 
confounded with encephaloid cancer : they 
are distinguished to some extent by the 
characters of their cells, but principally 
by the absence of an alveolor stroma, and 
by the penetration of the intercellular sub- 
stance between the individual cells. 


Lymphosarcoma. Section of a me- 
diastinal growth showing a very an 
thickened reticulum within the Lymphosarcoma.—This isa round-celled 


meshes of which the lymphoid sarcoma, in which the matrix was devel 
cells are grouped. 200. r 3 
oped into a more or less perfect reticulum, 
like that of lymphoid tissue (Fig. 52). It may begin in lymphatic 
glands, or in connective tissue anywhere, and is a common form of 
mediastinal growth. It is distinguished from lymphadenoma by its 
more rapid course, by the formation of secondary growths by embolism, 
and by the absence, when the lymphatic glands are involved, of the 
typical distribution of follicles and stroma. Occasionally the growth 
is slower and the reticulum more developed (Fig. 53). 


Alveolar Sarcoma.—This is a somewhat rare form of round-celled 
sarcoma which was first described by Billroth. The cells, which are 
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large, sharply defined, and round or oval in shape, contain round, 
prominent nuclei, and are separated from each other by a more or less 
marked fibrous stroma. In some parts this 
stroma forms small alveoli within which the Fra. 54. 
cells are grouped, but careful examination will 
always show that in most parts of the section 
the stroma really penetrates between the in- 
dividual cells. This last-named character, 
together with the nature of the tissue from 
which they arise, serves to distinguish these 
tumors from the cancers, with which, in many 
cases, they may easily be confounded. The 
accompanying drawing _shows their micro- Misktne can a 
scopic characters (Fig. 54). The stroma is mor of the skin. 200. 
often much more delicate, and the cell-masses 
are occasionally much larger than in the drawing. The cells are gen- 
erally in close connection with the stroma, though vessels never pass in 
among them. In this latter respect they resemble epithelial growths. 
Ziegler considers that the alveolar structure may be due to the trans- 
formation of normal intervascular tissue into sarcoma-cells, while the 
vessels with the neighboring connective tissue remain as septa. 
Alveolar sarcomata are met with principally in the skin, bones, and 
muscles. In the skin, where they are often multiple, they lead to 
ulceration. They tend to recur locally, and also to reproduce them- 
selves in internal organs. 


Spindle-celled Sarcomata. 


These tumors, which include the growths described by Paget in 
this country as “fibroplastic”’ and “recurrent fibroid,” are the most 
common of all sarcomata. They consist of cells, mainly spindle-shaped 
and fusiform, separated by only a little homogeneous or slightly fibril- 
lated intercellular substance, and often forming whorls round the 
vessels. The cells contain well-marked oval nuclei, with one or more . 
nucleoli. They are arranged in bundles which pass in all directions 
through the growth, and often give it the appearance of a fibroma or 
myoma. . In those portions of the section in which the bundles of spindle- 
elements have been cut transversely or obliquely, they present the appear- 
ance of round or oval cells. The cells vary considerably in size in different 
tumors, hence the division into small and large spindle-celled growths. 


Small Spindle-celled Sarcoma.—In these the cells are small, often 
not more than ;;, inch in length, and the intercellular substance 
is occasionally imperfectly fibrillated (Fig. 55). These growths are 
therefore somewhat similar to fibromata, and histologically they must 
be regarded as occupying an intermediate place between embryonic 
and fully developed connective tissue. They grow from periosteum, 
fascie, and connective tissue in other parts. They are usually firm 
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and whitish or pinkish-white, and present on section a translucent some- 
what fibrillated appearance. They are much more frequently encap- 
suled than any other variety of sarcoma, but they 
are very liable to infiltrate the surrounding struct- 
ures, and to recur locally after removal. 


Large Spindle-celled Sarcoma.—The cells in 
these tumors are not only larger than in the pre- 
ceding, they are also plumper, and both nuclei 
ieee. and nucleoli are especially prominent and_fre- 
Smal spindeceea quently multiple (Fig. 56). The intercellular 

of the leg. x 200. substance is more scanty, and there is a complete 

absence of any fibrillation. These growths are 
much softer in consistence than the small-celled variety. They are 
of a pinkish-white color, and are often stained by extravasations of 
blood, and in parts are sometimes almost diffluent from extensive fatty 


Fria. 56. 


Large spindle-celled sarcoma. 400. 


degeneration. They grow rapidly, and are usually exceedingly malig- 
nant. They occasionally give rise to blood-cysts. 


Melanotic Sarcoma.—This is a variety of sarcoma in which many 
of the cells contain granules of melanin (p. 79), quite distinct from the 
pigment of extravasated blood. The greater number of melanotic 
tumors are probably sarcomata. 

Melanotie sarcomata originate principally in two situations—in the 
pigmented tissues of the eye and in the superficial integuments. In 
both these situations pigment is a normal constituent of the tissues, 
and this tendency of pigmented structures to give origin to melanotic 
growths is exceedingly characteristic., These tumors usually consist 
of spindle-shaped cells (Fig. 57), and hence they are described in the 
present section ; but in some cases the prevailing type of cell is round 
or oval, The pigment, which gives to them their distinctive character, 
consists of granules of a brownish or dark sepia color. These are 
mainly distributed within the cells (Fig. 57, C), but are also found in 
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the intercellular substance. Frequently, only a very small proportion 
of the cells is pigmented, whilst in other instances the pigmentation is 
much more universal. In all cases, a large number of the elements will 
be found to be quite free from pigment. 

These melanotic tumors are among the most malignant of the sar- 
comatous growths. Although they show comparatively little tendency 
to extend locally, they are rapidly disseminated by means of the blood- 
vessels, and occasionally also by the lymphatics: they thus reproduce 
themselves, often very rapidly, in distant tissues. Although the sec- 
ondary growths almost invariably maintain their melanotic character, 
the degree of their pigmentation varies considerably. Whilst many of 


A melanotic sarcoma of the penis. A.Section showing the general arrangement of the elements. 
200. B. Section from the peripheral part of the growth, showing the ‘indifferent cells,” 
amongst which are small isolated pigmented elements. At a, a bloodvesselisseen. 200. 
C. Some of the elements separated by teasing. In these the pigment-granules are well seen. 


*« 400, 


them may be perfectly black in color, others may be much paler—per- 
haps only streaked with pigment. The secondary growths are soft, 
usually distinctly circumscribed, and often encapsuled. They may 
occur in almost every organ of the body—the liver, the spleen, the 
kidneys, the lungs, the heart, the brain and spinal cord, and also the 
lymphatic glands and subcutaneous tissue, may all be simultaneously 
involved. When occurring in internal organs, the pigmentation is not 
always limited to the secondary nodules, but many of the cells proper 
to the organ itself are filled with granules of similar pigment, which 
is most abundant in the cells immediately adjacent to the new-growths. 
This pigmentation of the cells of the organ often extends for some dis- 
tance beyond the confines of the tumor. Melanin or its chromogen is 


generally present in the urine. 


Osteosarcoma.—This is a variety of sarcoma in which the growth 
(usually spindle-celled) is either more or less calcified, or partially con- 
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verted into true bone. Asa primary growth it is met with almost ex- 
clusively in connection with bone, growing either from the periosteum 
or the medulla; but the osteoid characters are usually reproduced in 
secondary tumors occurring in the lungs and other parts. 

Calcification is much more common than true ossification. Each of 
these processes may occur separately, but they are often combined. 
Bands and patches of granular appearance, in which the outlines of 
cells may still be visible, or in which all structure has disappeared, and 
which stain but slightly, show where calcification has occurred (Fig. 58). 


Fig. 58. 


Calcifying sarcoma. From a secondary tumor of the lung. Showing the calcification of a spindle- 
celled growth. x 200. 


In other parts, especially near the bone, spicules having the structure 
of more or less perfect bone—Haversian canals, lacune, and imperfect 
canaliculi—will be seen penetrating the growth (Fig. 59). The spicules 


Ossifying sarcoma of lower jaw. s, sarcoma-tissue; b, new bone, growing from jaw, of which 
the structure is fairly typical; p, point of commencing ossification. Only nuclei of cells are 
indicated ; close to the bone the stroma is very fibrous. x 40. (Boyd.) 


are generally vertical to the surface of the bone. In some cases a skele- 
ton of bony spines radiates from the bone through the growth. 
Both calcification and ossification may be very complete, but a thin 
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margin of sarcoma-tissue is always present. This distinguishes the growth 
from a simple osteoma which has cartilage or periosteum on its surface, 
and is of much slower growth. 


Myeloid, or Giant-celled, Sarcoma. 


These sarcomata, also known as myeloid tumors or myelomata, are 
allied to the spindle-celled sarcomata. They possess, however, certain 
histological peculiarities which probably depend upon the characters of 
the tissue from which they grow. They contain many of the large mul- 
tinucleated cells, known as “ myeloid cells ’?—which resemble the cells 
of the medulla of bone in a state of excessive nutritive activity—to- 
gether with numerous fusiform cells like those met with in the spindle- 
celled varieties. There are also some smaller round and oval elements. 


Fie. 60. 


Myeloid sarcoma of the jaw. 4, a’, a”, myeloid cells; b, b, spindle-cells cut transversely , 
¢, ¢, spindle-cells cut obliquely; d, d, spindle-cells. X 400. 


The large myeloid cells which give to these tumors their distinctive 
characters are usually much more numerous in_ those growths which 
originate in the medullary cavity than in those which spring from the 
periosteum. These various forms of cells are almost in contact, there 
being very little intercellular substance (Fig. 60). The growths are 
sometimes so vascular as to give rise to distinct pulsation. They often 
contain cysts. ; 

Myeloid tumors almost always grow in connection with bone, the 
ends of the long bones being their favorite seat : they most frequently 
originate in the medullary cavity of the long bones. They are also 
frequently met with springing from the periosteum of the upper and 
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lower alveolar processes, where they constitute one form of epulis. 
When originating within the medullary cavity, the compact tissue of 
the bone becomes “expanded” over them, and they thus often com- 
municate to the fingers, during examination, the peculiar sensation 
known to surgeons as “eggshell crackling.” True expansion of bone 
is, of course, impossible ; really, the old bone is absorbed from within 
by the tumor, and the periosteum lays down new bone on the surface ; 
absorption is more rapid than new formation, and the thin surface layer 
of bone yields and crackles under pressure, or is actually wanting at 
spots where pulsation is marked. 

These tumors are for the most part of firmer consistence than the 
other varieties of sarcoma. Many of them are firm and fleshy ; others 
are softer, more resembling gelatin-size. They are not pulpy and 
grumous like the soft sarcomata, neither do they present the fascicu- 
lated appearance of the spindle-celled varieties. Their cut surface has 
a uniform succulent appearance, often mottled with patches of red. 
This red-brown or maroon color varies with the number of giant-cells 
present, and is very characteristic. The tumors are often encapsuled 
by the periosteal covering of the bone from which they grow. They 
are rare after middle life, and very rarely give rise to secondary 
growths. They are the least malignant of all sarcomata, and by some 
authorities are classed among the innocent growths as tumors of the 
medulla of bone, or myelomata. 

When occurring in other connective tissues, these sarcomata are 
generally found where congenital defects are common ; and the myeloid 
cells and even cartilage (Waring), which they may then contain, are, 
therefore, probably due to the inclusion of some misplaced rudiment. 

Small multiple myeloid sarcomata are occasionally found as primary 
tumors in bone and other connective tissues. In bone, the tumors 
grow from the medulla, invade the bony tissue, and expand the peri- 
osteum. The affected bones soften, and in their subsequent changes 
simulate the condition met with in osteomalacia. In these cases albu- 
mose is said to be present in the urine. These tumors are more malig- 
nant than the single myeloid sarcomata previously described. 


Angiosarcoma. 


Angiosarcomata are round-celled, or less commonly spindle-celled, 
growths in which the vessels are so numerous and so large that in 
many cases the tumor appears to be made up of islets of sarcoma-cells 
surrounded by a single layer of flattened spindle-cells, and separated 
from one another by larger or smaller spaces containing blood. 


Perithelial Sarcoma. 


Perithelial sarcomata are growths consisting of parallel columns or 
globes (cylindroma), each of which is composed of a large central eapil- 
lary vessel and three or four concentric layers of cells, probably derived 
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from the adventitia of the central vessel. These columns are connected 
by myxomatous or sarcomatous tissue. The cells forming the columns 
often undergo mucoid changes. Ziegler, to emphasize the large size 
and number of the vessels and the general character of the tissue 
around them, has suggested the name angiosarcoma myxomatodes. 


Fig. 61. 
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A single small papilla from the villous papilloma of bladder shown on page 121. The epi- 
thelial covering has been accidentally separated in three places from the central structure. 


x 150. 


Endothelioma. 


Endotheliomata are growths sometimes found arising from the endo- 
thelial lining of serous membranes and consisting of large, oval or 
angular cells contained in well-defined alveoli. These tumors are pre- 
cisely similar in structure to carcinomata, and their origin from a meso- 
blastic tissue is the only reason for grouping them under sarcomata. 
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PAPILLOMA. 


Papillomata are new formations resembling in structure enlarged 
papillee. 

They consist of a basis of connective tissue which sends toward the 
surface numerous papillary processes, each supporting bloodvessels which 
end in a capillary network or single loop, the whole being enveloped in 
a covering of epithelium. The papillee may be short and simple, as in 
an ordinary wart (Fig. 62); or they may be long, delicate, branching— 
giving off secondary and tertiary offsets—and very numerous, as in 
villous tumors. The covering epithelium in skin-growths is thick, hard, 
and stratified, and may actually bind the papille into a solid mass ; but 
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Section of wart on skin. a, epithelium; b, connective tissue, continuous with epidermis and 
cutis respectively. > 18. 


on mucous membranes the slender vascular processes are covered by a 
small amount of delicate epithelium, and in consequence they are easily 
lacerable (Fig. 61). Papillomata on serous membranes may be covered 
by a single layer of endothelial cells. 

Hemorrhage and ulceration resulting from injury can hardly be 
classed as secondary changes. The only important change is the possible 
conversion of a papilloma into an epithelioma. In a wart all the epithe- 
lium is on the surface, no matter how irregular that surface may be. 
As soon as the epithelium begins to invade the tissues beneath it, the 
wart has become a cancer. Pigmented warts not uncommonly form on 
the face in old age, and, especially if frequently irritated, may become 
epitheliomatous. 
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Four varieties can be readily distinguished : 

1. The ordinary skin-wart with its covering of hard squamous epi- 
dermis. Condylomata and venereal warts, due to the irritation of the 
secretions of soft sores or gonorrhoea, deserve special mention. These, 
though covered by squamous epithelium, are much softer, more vascular, 
and more luxuriant in growth than the ordinary skin-wart. They affect 
warm, moist parts. ' 

2. The soft warts and villous tumors of all mucous surfaces. These 
are usually characterized by long delicate compound papilla. The tongue, 


1G. 63: 


Villous tumor of bladder. a, a, a?, papill, b, normal mucous membrane. Reduced 4 


cheek, larynx, and bladder are the parts most often affected. The 
papillary enlargements of the synovial villi, which are common in 
chronic arthritis, may be included in this group. 

3. Corns—These commence as papillomata; but, as the epidermis 

thickens and is pressed by the boot into the soft parts, the papille 
ultimately atrophy. - 
_ 4, Horns some inches long occasionally spring from the skin. These 
consist of epithelium and sebaceous secretion, and originate from seba- 
ceous follicles or from a sebaceous cyst. It is said that long papille 
project into their bases, so that they seem to be allied to warts. The 
base must be removed with the horn, or the latter will recur. 

To the naked eye, the ordinary wart is a hard, abruptly elevated 
little mass, apparently formed of epithelium. It presents an irregular 
(“warty”) surface, often divided by deep fisstires (Fig. 62). If the 
investing epithelium be abundant, or the papille be very short, a 
rounded mass, having a merely furrowed surface, results; but as the 
papille lengthen and the epithelium thins, the growth presents first a 
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cauliflower, then a branched, and finally a villous appearance. The 
latter appearance is best seen on placing a “villous tumor” of the 
bladder in water, when the long delicate papille float up (Fig. 63). 
They are exceedingly vascular. If a section of a papilloma be made, 
the relation between stroma and epithelium, above described, can be 
seen, even with the naked eye (Fig. 62). 


Duct-papilloma of breast from one of the larger ducts of the breast. The new-growth, which 
consists of a fibrous stroma penetrated by channels lined with a single layer of epithelium. 
has nowhere extended beneath the surface of the lumen of the duct it distends, and from 
which it grows. 20, (Specimen by Dr. Rolleston.) 


Papillomata originate from skin, from mucous, serous, and synovial 
membranes, and from the ducts of glands (Fig. 63). They most fre- 
quently grow from pre-existing papille ; sometimes, however, they 
occur where no papille exist, springing directly from the subepithelial 
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connective tissue: this is the case in the stomach and larynx. As all 
new-growths on free surfaces tend to become “ papillary,” this form of 
tumor is probably the result of physical conditions. According to this 
view, a wart is simply a fibroma become papillary by an accident of 
position, and papillomata as a class should therefore disappear. 

Clinically, warts, so long as they remain warts, are quite innocent. 
They are common in childhood and early adult age, especially upon the 
hands and face. They may be single, but upon the hands they are com- 
monly multiple. When not congenital they generally disappear after a 
time, though they may persist for years. Warts on mucous surfaces 
give trouble, and may cause death by bleeding: in the bladder, diffi- 
culty may arise from obstruction to the inflow or outflow of urine, the 
entrance of the ureter being a favorite seat. Lastly, the tendency of 
warts and warty surfaces (e. g., ichthyosis linguce) to become epithelioma- 
tous in advanced life must be remembered. 


ADENOMA. 


Adenomata—or, as they are sometimes called, glandular tumors— 
are new formations of epithelial gland-tissue, more or less resembling, 
but distinct from, the glandular tissue of the organs in which the tumors 
arise. The new-growths are incapable of performing the function of 
the tissue they imitate, and their ducts do not enter those of the gland. 

In structure adenomata consist of numerous tubules or acini, accord- 
ing to the gland in which the growth arises. These tubules or acini are 
generally lined with a single layer of epithelial cells, though there may 
be two or three layers. A section cut very obliquely through the wall 
of one of these acini will, by cutting across adjacent cells at different 
levels, give the appearance of several superimposed layers. The acini 
communicate with each other and are grouped together, being separated 
merely by connective tissue in which are contained the bloodvessels. 
The connective tissue varies in amount; when it is much in excess of 
the normal, the growth is called an adenofibroma. Sometimes, in the 
most rapidly growing forms, the stroma is richly cellular, consisting of 
round and spindle-cells ; the histological distinction between such 
growths and sarcomata is impossible (Fig. 65). 

All growths originating in glandular organs may be associated with 
more or less glandular structure. In the mamma, for example, sarcoma, 
myxoma, and other forms of tumor, are often so intermingled with the 
gland-tissue of the organ that it becomes difficult to say which is the 
predominant structure. In many cases it is evident that the deyelop- 
ment of such tumors is accompanied by an increase of the gland-tissue 
among which they grow. Mixed forms are thus produced—adenosar- 
coma, adenomyxoma, etc. Adenoma is, by itself, an insufficient name for 
these tumors, because their stroma is different from, or in excess of, that 
found in normal gland-tissue. 

Adenomata almost always originate from pre-evisting glands. They 
generally grow slowly, and possibly, in many cases, from some hitherto 
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quiescent, congenitally misplaced, rudiment ; otherwise it is difficult to 
explain the complete encapsulation and separation from the normal gland 
which distinguishes an adenoma from a localized enlargement. The 
latter swelling remains in intimate relation with the gland, and is prob- 
ably often of inflammatory origin. 


Adenoma of mamma. 4a, fibrous tissue; b, acini lined with epithelium. X 250. 


The most frequent secondary change found in these tumors is fatty 
degeneration of the epithelium, which may give rise to the formation of 
small caseous masses in the growth. Dilatation of the saccules and 
tubules into cysts, and mucoid softening are also common. The origin 
of cancer has several times been traced to an adenoma. 

Adenomata originate in the following organs : 

Mamma.—This is much the most common seat of adenoma, or 
rather of adenofibroma, for a glandular tumor which is structurally 
indistinguishable from normal breast-tissue is very rare (Fig. 66). The 
arrangement of the epithelium, the number and size of the spaces, the 
proportion of stroma, and the number of cells it contains, are more or 
less abnormal (Fig. 66), hence the name “ adenofibroma” is generally 
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most applicable. These tumors are also called “chronic mammary ” 
and “adenoid.” They are encapsuled, and are round, oval, or lobu- 
lated, lying in or on the breast. They are of hard elastic consistence. 
The surface on section is slightly convex and not cupped, as in 
chronic cancer (scirrhus). It is either lobulated and fibrous-looking, 
or shows distinct slits and a racemose structure even to the naked eye. 
These tumors are most common in early life. They may be multiple, 


Adenofibroma of mamma. Showing new-growth of gland-structure and of connective tissue. 
of x 50. 


Many adenofibromata contain cysts, which may be very numerous, and 
vary in size from slight dilatations of ducts and acini to cavities con- 
taining some ounces of vellow mucoid fluid, which may be reddish or 
brownish from extravasated blood. Many are lined with cylindrical 
epithelium like that of the gland-spaces, but others appear to be formed 
by localized softenings of the stroma. At first they appear on section 
as irregular and branched fissures, then as spaces full of fluid ; in other 
cases they are almost completely filled by papillary fibrous growths 
projecting inward from the wall and covered by cubical epithelium. 
These cystic growths are called cystic adenomata ; or, if the stroma is 
richly cellular, cystic adenosarcomata. Papillary growths having an 
_adenomatous structure may occur in the mammary ducts (Fig. 64). 
The non-cystic growths must be distinguished from local and general 
hypertrophies of the gland, and from chronic mastitis, in which the 
fibrous tissue is less localized and generally includes fat and atrophied 
acini. 

Ovary—Adenomata frequently arise in the ovaries. The acini 
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of the growth are derived from ingrowths of the germinal epithelium 
of the surface of the ovary, while the fibrous or myxomatous septa 
take their origin from the stroma. Of the original acini the largest 
number remain little more than microscopic in size; some, however, 
enlarge considerably, and into the cavities of many of these, compound 
papillary ingrowths occur (Fig. 67), consisting of a framework of 


Papillary growth inside an ovarian cyst, projecting from its wall (w). It consists of loose con- 
nective tissue (c), containing many branched cells, covered by a layer of columnar cells (e) ; 
secondary processes are numerous (p). 20. (Boyd.) 


stroma and a covering of columnar cells; while a still smaller number 
of acini enlarge enormously, and together form the well-known large 
compound multilocular cysts of the ovary. The contents are clear or 
turbid, mucoid or gelatinous. The tumors are as a rule innocent, but 
if carcinomatous or sarcomatous developments occur in their interior, 
they rapidly assume malignant characters. 

Kidney —The kidneys are the occasional seats of growths some- 
what resembling those of the ovary. 

Prostate.—In advanced age some of the tumors which form in this 
body contain glandular tissue as well as muscle and connective tissue 
(adenomyoma). 

Thyroid—A part from the hypertrophy of this gland occurring in 
endemic goitre and Graves’s disease, distinet encapsuled tumors having 
the structure of the normal thyroid may rarely be found. 

Parotid.—Pure glandular tumors are infrequent, and the gland- 
epithelium of such tumors as do occur is generally very atypical. 
Fibroadenomata are commoner, but the ordinary “parotid tumor”? is 


deel 


ADENOMA, 127 


a mixed growth containing cartilaginous, myxomatous, and other tis- 
sues. ‘The other salivary glands are still less frequently affected. 

Liver.—Small encapsuled tumors haying the structure of the liver 
have been described. 

Glands of Mucous Membranes.—Gland-tissue enters largely into the 
structure of some of the “ mucous polypi,” which may spring from any 
mucous membrane, especially as a result of catarrh. In some cases it 
is probable that the glands primarily enlarge, then project, and finally 
become polypoid. In other cases it is supposed that localized increase 
of connective tissue from inflammation may lead to increase of the 
epithelial structures in relation with it. Polypi of the nose, stomach, 
intestines, rectum, and uterus are examples. The connective tissue is 
soft and cedematous ; the surface is covered by the epithelium of the part. 

Sebaceous and Sweat-glands.—So-called adenomata of these glands 
are uniform enlargements rather than tumors. Fig. 68 shows a small 
portion of a sebaceous “adenoma” from the chin of a child. 

Among secondary changes are calcification, which may affect the 
epithelial masses, and ossification, which may take place in the fibrous 
stroma. Tumors undergoing the latter change are rare, and have been 
called “ osteomata of the skin” (p. 107). 

Clinically, adenomata and adenofibromata are almost invariably in- 
nocent. They may, however, occasionally become malignant. <A few 
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Lobule of a sebaceous adenoma. c.f, connective tissue containing many cells, and forming 
capsule and septa; ¢, saccule full of epithelial cells, a few of which show signs of fatty 
degeneration—a clear space, pushing nucleus aside. In larger saccules degeneration is more 
general and extreme (f.c.). XX 200. (Boyd.) 


eases oceur which clinically and microscopically appear to be ordinary 
adenomata, but which recur locally after removal. There are also cases 
on record of the generalization of ovarian adenomata as well as of 
tumors having the structure of the normal thyroid gland. 

The lumina of racemose adenomata are sometimes filled up with 
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epithelial cells; it is then impossible to distinguish them microscop- 
ically from scirrhus in its earliest stage—that of multiplication of 
epithelium—unless the mass has penetrated the muscularis mucose, 
when its malignant nature is assured. The occasional origin of cancer 
from adenomata has been proved, both microscopically and clinically. 

As there is no exact line of division between sarcoma-tissue and 
fibrous tissue, it is often impossible to say with certainty which name— 
adenofibroma or adenosarcoma—should be applied to a given tumor 
containing gland-tissue. 


CARCINOMA. 


Carcinomata or cancers are tumors consisting of epithelial cells 
lying in a network of connective tissue (stroma). 

Origin—It is now generally believed that epithelial cells can 
originate only in cells of the same type; it is, therefore, only from 
such cells that carcinomata can spring. They may arise equally in 
epithelium derived from the epiblast, forming the skin and its appen- 
dages, the testicles and other glands ; or from the hypoblast, which lines 
the alimentary canal and gives origin to the great glandular viscera 
connected with it. Cases have been recorded of primary cancer in 
lymphatic glands, in bone, in the membranes of the brain, and in other 
places where no true epithelium exists. Of such cases various expla- 
nations are possible, (1) Some small primary growth may exist which 
is overlooked owing to its giving rise to no symptoms, the tumor, 
which is apparently primary, being really derived from this by meta- 
stasis. (2) Some abnormality may have existed, such as a detached 
piece of mammary tissue lying near the axillary glands, or the fetal 
inclusion of an epithelial rudiment (p. 87). (3) There are certain 
kinds of connective-tissue cells, such as the endothelium of bloodvessels 
and serous membranes, which are indistinguishable from epithelium 
and which give rise to tumors morphologically identical with epithelial 
growths (endotheliomata, p. 119). Some other sarcomata (alveolar sar- 
comes, cylindroma) also resemble carcinomata so closely that mistakes 
in diagnosis may reasonably occur. (4) If the theory of new growths 
sug wested on page 91 is tenable, it appears possible that a true epithe- 
lial growth may originate in any spot, from the lodgement of a mass 
of epithelial cells displaced from their normal connections and carried 
thither by the lymph- or blood-stream. 

Epithelial cells are said to occur around cancers lying in the con- 
nective-tissue spaces isolated from the growth itself.. This cannot, 
however, be used as an argument in favor of the development of econ 
cells from connective tissue, since cancer-cells are undoubtedly carried 
away by the lymph-stream even to distant parts of the body. Often 
delicate chains of cells one or two inches in length have been traced 
between a main growth and an apparently isolated nodule. Such a 
chain might easily be interrupted and cells thus left isolated. It is 
worthy of note that very few cases of so-called primary mesoblastie 
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cancer have been reported since microscopical examinations have 
become more exact. 

When conditions are favorable, and a cancer originates either in the 
growth of a resting embryonic rudiment (Cohnheim) or from displaced 
epithelial cells, it tends to grow through any basement-membrane that 
may exist, and spread along lymph-spaces and channels in the connec- 
tive tissue. Epithelial cells thus lie in the lymph-current, where they 
are bathed in nutrient fluid and are able to multiply rapidly (p. 92). 
Glandular infection is in this way readily produced. The shape and 
arrangement of the growing cell-columns depend upon the resistance 
met with in their progress ; when resistance is great, the columns are 
narrow ; when it is slight, they widen out. 

The stroma of the growth is, at first, formed by the normal connec- 
tive-tissue bundles of the part ; but, as the tumor enlarges, irritation of 
the surrounding parts is set up, round-celled infiltration occurs at the 
advancing edge of the growth, and fresh fibrous tissue is formed by 
multiplication of the connective-tissue cells. At first, other elements 
of the part may persist in the stroma (e.g., fat-cells in the breast and 
muscle-fibres in the prostate), but such enclosed cells rapidly disappear 
as the tumor advances. 

Growing in this way carcinomata are scarcely ever encapsuled. In 
a few rare instances, tumors having the structure of epitheliomata may 
be met with (e.g., in the soft palate) surrounded by a definite capsule. 
In almost all cases, however, cancers rapidly infiltrate surrounding strue- 
tures. In many cases, a zone of small-celled infiltration may be seen 
for some distance beyond the borders of the tumor, so that there is no 
line of demarcation between it and normal tissues. 

Structure—It has already been stated that carcinomata consist of 
epithelial cells and connective-tissue stroma, The cells are character- 
ized by their large size, by the variety of their forms, and by the mag- 
nitude and prominence of their nuclei and nucleoli 
(Fig. 69). They are round, oval, fusiform, cau- Fig. 69. 
date or polygonal—exhibiting, in short, every 
diversity of outline. These variations in form 
are principally owing to the mutual pressure to 
which the cells are subjected in their growth. 
The nuclei are large and prominent, round or 
oval in shape, and contain one or more bright 
nucleoli. The nuclei are most frequently single, 
but two are often met with, and in the softer and Gelle trode scl re eta 
more rapidly growing cancers there may be more. inataica neon 
The cells lie in the alveoli in more or less close 
contact one with another : no stroma passes between them. They rapidly 
undergo degenerative changes. Many cells may be seen to contain 
molecular fat, and in the central portions of the alveoli so many cells 
may be destroyed that the growth may at places be represented by mere 
amorphous débris, containing here and there the free nuclei of those 
which have perished. Cells exactly similar to cancer-cells are met with 
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in other morbid growths and in the normal epithelia: there is thus no 
distinguishing characteristic of cancer-cells. . 

In recent years the minute structure of carcinomata has been sub- 
jected to a very rigid examination in search of any parasite that may 
be present. It is generally admitted that, when suitable portions of 
cancerous tissues are hardened and stained by special methods, peculiar 
appearances are to be seen, the exact significance of which is still in 
dispute. These are known as cancer-bodies or cell-enclosures. They 
vary greatly in size, being on an average somewhat smaller than red 
corpuscles. They are for the most part spheroidal in form, and have 
a sharply defined outline. They possess staining affinities somewhat 
different from those of the ordinary cells of the growth. Their sub- 
stance is usually homogeneous, but occasionally mottled or granular. 
At or near to the centre is a small deeply stained part which has been 
supposed to represent the nucleus or nucleolus. It is usually single, 
round or oval in shape, and there may be a faint radial striation visible 
between it and the periphery (Fig. 70). The number of cancer-bodies, 
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(a) Two complete cancer-bodies in a single cell. > 600. 
(b) Cancer-body showing granules at the periphery of the cell. > 600. 
(c) Cancer-body with a dividing nucleus; the connecting threads are shown. 600. 
(d) Cell containing a cluster of small cancer-bodies, 1000. 
(e) Cancer-cell from scirrhus of breast. Faint rays are seen at periphery of parasite. > 1200. 
(P) Cancer-body or supposed parasite. 
(Specimens and drawings by Ruffer.) 


or fragments of such, occurring in cells is said to be generally even, and 
this has been interpreted as being the result of a process of multiplica- 
tion by binary division. Spore-formation has been said to occur by 
some observers, but is not generally admitted. Cancer-bodies are 
usually found enclosed within the cells of the growth, but they have 
also been described lying in the alveolar spaces outside the cells, and 
even in the lymphatics of the alveolar walls. Their position has no 
ascertainable influence on their general characters. The cancer-body 
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may occupy only an insignificant part of the cell, or may fill nearly the 
whole of it and displace the nucleus to the periphery. Still more 
rarely these bodies may be found, singly or in numbers, within the 
nucleus itself ; in this case they are generally smaller than when found 
elsewhere. 

The cancer-bodies are most common in growing edges of tumors 
and in secondary deposits, and are rarely, if ever, found in degenerated 
parts. On the other hand, there is no evidence that they excite any 
unusual activity of growth in the cells containing them; indeed, it 
appears somewhat rare to find signs of nuclear division in such cells. 
As degeneration occurs the bodies lose their sharp contour ; and Ruffer 
has drawn attention to the fact that this not infrequently happens when 
a leucocyte invades a cell already occupied by a cancer-body. 

The nature of these bodies is not as yet definitely ascertained. 
Soon after attention was first directed to them it was suggested that 
they were parasitic protozoa. Ruffer pointed out a resemblance to the 
protozoa of malaria (see Malaria), in which the “ rosette-stage” is 
similar to an appearance which he met with in cancer-bodies. The 
occurrence in rabbits of a disease of which the morbid anatomy is 
somewhat analogous to tumor-formation, and which has been proved 
to be due to a minute organism of the class Sporozoa, lent additional 
weight to this view. Recent observers (Roncali, Plimmer) have iden- 
tified the cancer-bodies with parasitic fungi. Plimmer has, indeed, 
succeeded in isolating and cultivating (anaérobically) certain fungi 
from cancers, which he considers may possibly be found to belong to 
the saccharomycetes. He finds that, when certain animals are inocu- 
lated intraperitoneally with the cultures, death results, with the pro- 
duction of endothelial tumors; and that cultures from these growths 
will, under similar conditions, produce similar results. 

It is not yet satisfactorily proved, however, that parasites of any 
kind are constantly present. Many bodies which have been looked 
upon as parasitic in cancers undoubtedly admit of simpler explanation. 
Thus it is maintained that many of these so-called parasites are nothing 
more than the appearance produced by the invagination of a part of 
one cell into the substance of another, the section being made through 
both cells parallel to and just below the surface through which the 
imbedded cell enters. Other cancer-bodies may be merely leucocytes 
enclosed within the cells of the growth. Another suggestion is that 
these bodies are due to endogenous formation of new cells from those 
of the original growth. This may either occur from an arrest of the 
process of direct division (amitotic) or from some irregularity in that 
of indirect division (mitotic, karyokinetic). Instances of such irregular 
karyokinesis may be seen at times in cancer-cells, there being a tri- 
polar or quadripolar arrangement of chromasomes instead of the usual 
bipolar figure. It is possible that round a detached portion of chro- 
matin a cell may form and grow rapidly, but may yet remain a 
daughter-cell within the substance of its parent. If however, this be 
the case, it is difficult to see why the daughter and parent cells should 
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present any marked differences from one another in their staining- 
reactions. The most probable explanation of many of the unusual 
appearances seen in cancer-cells is that they are due to different forms 
of degeneration of the cell-protoplasm. Epithelial cells are liable to 
changes whereby various substances are formed in them (keratin, 
hyaline, colloid), and all new growths are specially subject to retro- 
gressive changes in their constituent cells. 

The stroma present in carcinomata varies considerably in amount, 
being much more abundant in some specimens than in others. It 
consists of a more or less distinctly fibrillated tissue, arranged so as to 
form alveoli of varying size and shape, within which the cells are 
grouped. It is not closely connected with the cells and does not pene- 

trate between them. The alveoli communi- 
Fie. 71, cate with one another so as to form a con- 
tinuous cavernous system (Fig. 71). The 
characters of the stroma vary with the rate 
of growth of the tumor: if this is rapid, 
round and spindle-shaped cells will be pres- 
ent (Fig. 73); if, on the other hand, it is 
slow, the cells will be few and the tissue 
will be dense and more fibrous in character 
(Fig. 74). The latter is the condition in 
which it is most commonly met with. 

In the stroma are the bloodvessels. These 
The alveolar stroma from a scir- are often very numerous and form a close 

Thusofthemamma. Thecells network round thealveoli. They are limited 

have been removed by pen- : A 

cilling. Xx 200. to the stroma and never pass into the epithe- 

lial masses. This distribution of the blood- 
vessels is important, as it serves to distinguish carcinomata from sarco- 
mata (p. 108). Alveolar sarcomata and endotheliomata, however, re- 
semble carcinomata in this respect. The bloodvessels leading to a 
cancer, as to other tumors, are often greatly enlarged. The cause of 
this enlargement, and the mechanism by which it is brought about, are 
not well understood. Lymphatic channels communicate freely with the 
alveoli. This explains the great tendency of cancer to infect lymphatic 
glands. In fact, the alveoli of the growth may be regarded as dilated 
lymphatic spaces, along which the epithelial columns grow, following 
the lines of least resistance. 

The physical characters of carcinomata are so diverse that they will 
be separately referred to when the different varieties are under consider- 
ation. 

Varieties—Just as normal epithelium presents several varieties, 
squamous, columnar and cubical, so the tumors which spring from 
different epithelia are of different anatomical structure, inheriting, to a 
greater or less extent, the form and tendencies of the variety of epithe- 
lium from which they originate. Thus, cells of cancers springing from 
stratified epithelium tend also to undergo the same evolution, ending in 
cornification, and in many cases they show prickle-cells. Columnar 
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epithelium often retains its typical arrangement and continues to sur- 
round open spaces ; in other cases the cells may multipy so as to fill 
these spaces, the outermost layer of cells generally, however, retaining 
a cylindrical shape. Cells of acinous glands undergo no evolution (. ¢., 
horny change) ; by multiplication they produce cells of their own kind, 
which may be much altered in shape by mutual pressure. Upon this 
retention by the cells of ancestral anatomical characters is based the 
classification of carcinomata into squamous, columnar, and acinous vari- 
eties. The squamous and columnar forms are often known as epitheli- 
omata, owing to their resemblance to the structure of normal covering 
epithelium ; but the cells of glands are equally epithelial in character, 
and no real distinction exists between glandular carcinoma and epithe- 
lioma. Indeed, ancestral peculiarities are not always retained. Thus, 
certain cancers springing from stratified epithelium—perhaps from the 
small glands in relation with it—undergo no horny change and are 
indistinguishable from acinous cancer, and tumors springing from 
eolumnar epithelium may in many parts present an exactly similar 
appearance. 

In all varieties of carcinoma the secondary growths tend to repeat 
the peculiarities of the primary tumor. The rate of growth and con- 
sequent proportion of stroma present may, however, vary ; secondary 
growths in internal organs often developing with great rapidity, and 
being softer and more vascular. 

Secondary Changes.—The most important is fatty degeneration. 
This occurs in all the varieties of carcinoma. The more rapid the 
growth, the earlier does this retrogressive change take place. It pro- 
duces softening of the growth, which is often reduced to a pulpy 
cream-like consistency. Hemorrhage, pigmentation, mucoid and colloid 
degeneration may also occur, leading to cyst-formation. Cysts may also 
be due to blocking of ducts, as, for example, in the mamma.  Ca/eiji- 
cation and true ossification are very rarely met with. Formation of an 
abscess is rare, but important. 

Clinical Characters.—Cancers occur with increasing frequency after 
the age of thirty-five: below that of thirty they are rare tumors. 
They occur in certain organs at an earlier period of life than in others, 
carcinoma of the mamma and cervix uteri being met with not infre- 
quently in comparatively young subjects, while that of the lip or 
cesophagus generally arises in elderly persons. The uterus and mamma 
are the seat of carcinoma more frequently than any other organ, thus 
causing the female sex to present a slightly greater ratio of deaths from 
this disease than the male; but, apart from these organs, the incidence 
of the disease upon the two sexes is practically equal. 

Primary carcinomata are almost always single. As a group they 
are among the most malignant tumors. They grow rapidly, widely 
infiltrate surrounding parts, largely infect lymphatic glands (p. 110), 
and ultimately become generally disseminated throughout the system. 
Unless excised very early and very freely, they recur in loco. They 
frequently break down and give rise to very offensive ulcers which 
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bleed readily. The different types of carcinoma vary considerably in 
malignancy. Asa rule, those forms of acinous cancer which exhibit a 
small relative amount of stroma and a richness in epithelial elements 
are the most speedily fatal. Colloid degeneration appears to diminish 
malignancy. Occasionally an encapsuled tumor is met with, especially 
in the soft palate, showing no sign of malignancy, yet having the struct- 
ure of acinous cancer. In the variety known as “atrophic scirrhus” 
the duration of the disease is not uncommonly from ten to twenty years, 
and the extension only local and glandular. 

Squamous epithelioma is clinically much the least malignant of the 
cancers. It extends locally, breaks down early, and often infects the 
neighboring lymphatic glands, but it comparatively rarely reproduces 
itself in internal organs. This is probably owing to the size and 
character of its epithelial elements, which renders them much less 
liable to transmission by the blood- and lymph-streams than the cells 
of the other varieties of cancer. Its malignancy varies curiously with 
its seat: thus, on the skin of the face, epithelioma has generally a 
very chronic course, and rarely affects the glands; on the lip, early 
excision gives a fair chance of cure; on the tongue, its course is 
often so rapid, infection of the glands so early, and cachexia and 
death so speedy, that it must be ranked as one of the most malignant 
tumors. 


I. Acinous or Glandular Carcinoma. 


This is often divided into two separate varieties, according to the 
relative amount of stroma and cells, the harder growths, with much 
fibrous tissue and scanty epithelial cells, being known as scirrhus, the 
softer kind, rich in cellular elements, being called encephaloid or 
medullary carcinoma. Encephaloid and scirrhus cannot, however, be 
regarded as in any way constituting distinet varieties of carcinoma. 
There are many intermediate stages between them (common cancer, 
scirrho-encephaloid, Fig. 72), and it may happen that the same tumor 
presents in one part the characters of scirrhus and in another or in 
secondary growths that of encephaloid cancer. The physiological 
prototype of this form of carcinoma may perhaps be seen in the solid 
columns of epithelial cells which are produced in the embryo to form 
the glandular viscera. 

1. Scirrhus or chronic cancer is characterized by the amount and 
density of its stroma, and by the comparative slowness of its 
erowth. The latter point probably accounts in great measure for the 
peculiarities of its structure and physical characters. 

The epithelial growth, although at first it may be luxuriant (Fig. 
73), quickly subsides. The cells soon atrophy and undergo fatty 
degeneration. They are most abundant in the external portions of the 
tumor, where growth is taking place ; in the central portions (Fig. 74) 
they are fewer, and may be almost entirely wanting. 7 

The degeneration of the epithelial elements is probably due to 
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Seirrhus of breast. From the circumference of a growth. X 250. 
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obliteration of the vessels by the scar-like contraction of the stroma, 
which quickly becomes hard and fibrous. In this way growth of that 
part of the cancer is arrested. The whole of the central portions may 
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Scirrhus of breast. From the centre of same growth as Fig. 73. The cells are shrunken and 
degenerated and the stroma less cellular. 250. 


thus ultimately consist of dense fibrous tissue, amongst which are 
scattered groups of atrophied epithelial cells and fatty débris (atrophic 
scirrhus) ; but even in these cases the epithelial structure is distinctly 
visible at the periphery. The amount of atrophy and contraction 
varies considerably in different cases. 

The physical characters of scirrhus are due to the abundance of its 
stroma. The growth is firm and hard, and is usually depressed in the 
centre, owing to contraction of the fibrous tissue and atrophy of the 
cells. This contraction is very characteristic of scirrhus of the breast, 
where it causes retraction of the nipple and puckering of the skin. 
The growth is very hard, and creaks as it is cut. The surface of the 
section is generally “cupped,” and of grayish-white, semi-translucent 
appearance, like that of an unripe pear. It is more or less mottled 
with dots and streaks of opaque yellow, due to fatty epithelium in 
alveoli or milk-ducts. The latter may be cystic. The central parts 
are pale and fibrous, the more external are pinker—because contrac- 
tion has not obliterated the vessels—and less firm than the central 
portions of the growth, They yield, on scraping, a juice which is rich 
in nucleated cells, free nuclei, and granules. The outlying parts of 
the tumor can be brought into view by the local application of a 
5 per cent. solution of nitric acid, the affected areas appearing as opaque 
white streaks. 

By far the commonest seat of scirrhus is the female breast. It 
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is also found in the male breast, the stomach, the liver, the pancreas, 
the prostate, the skin, and the mucous membranes, where it starts 
from racemose mucous glands. The 
secondary growths to which it gives 
rise are often encephaloid. 

2. Encephaloid or acute cancer dif- 
fers from the preceding in the greater 
rapidity of its growth and in the con- 
sequently smaller amount of its stroma, 
and the greater softness of its con- 
sistency. 

The epithelial growth is rapid and 
abundant; the cells, which may be 
either larger or smaller than those in 
seirrhus, quickly undergo fatty de- 

: Encephaloid cancer. From asecondary 
generation, so that often there are more cancer of the liver, showing the large 
free nuclei visible than cells (Fig. 76). size of the alveoli and the thinness of 

Paerncoporionh of igtromais very thelr walle. - Te the | laiter,”'a large 

. ° 7: number of connective tissue nuclei 
small, and, owing to the rapidity of are vielble. 200. 
its growth, it is much less fibrous than 
that of scirrhus, and does not undergo a similar cicatricial contraction 
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Encephaloid cancer undergoing necrosis and fatty degeneration. The nuclei of some of the 
cells, especially those nearest the thin fibrous alyeoli are stained, although their proto- 
plasm has broken up and is not distinctly marked off from the alveolar walls. The out- 
lines of a few of the rest are still visible, though their contents are granular and their 
nuclei unstained. The greater number have been converted into a mass of granular fatty 


débris. XX 260. 
(Fig. 75). The bloodvessels are often very abundant, and the tissue 
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supporting them is soft and non-resistant. Hemorrhage into these 
growths is, therefore, frequent. 

Encephaloid cancer is of a soft, brain-like consistency and appear- 
ance (from which its name is derived), the central portions, where fatty 
degeneration is most advanced, often being completely diffluent. The 
tumor is sometimes more or less lobulated. On section, the unde- 
generated parts are pinkish-gray, soft, and translucent, while the 
degenerated form a white pulpy mass, which is often irregularly 
stained with extravasated blood. 

Encephaloid is much less common than scirrhus. It is most fre- 
quently met with in internal organs as a secondary growth. It is 
sometimes primary in the testis and mamma. It may fungate and 
bleed (fungus hcematodes). Many growths formerly described as 
encephaloid cancers were really soft sarcomata (see p. 112). 


II. Squamous Epithelioma. 


This constitutes a tolerably distinct variety of carcinoma, but 
transitional forms between it and scirrhus are occasionally met with. 
It always grows from a surface covered by 


Fic. 77. squamous epithelium, either cutaneous or 
Ve mucous (the junction of the two being a 
ey common seat). Its epithelial elements 


closely resemble those of squamous epithe- 
lium. 

Many of the cells (Fig. 77) are consid- 
erably flattened and distorted in shape, re- 
sembling those of the superficial layers of 
the epidermis ; others are like those of the 
Malpighian layer. They grow down from 
Pe oidcin of tue the surface-epithelium into the lymph-spaces 

lip. X 250. of the connective tissue, and, pushing their 

way along these, are formed into solid cyl- 

inders, which twist about, branch, and intercommunicate, swelling out 
at some points and becoming constricted or even interrupted at others 
(Fig. 78). Single epithelial cells may be recognized here and there, 
evidently swept on by the lymph-stream. The rods cut across appear 
as round or oval masses of cells, of which the outermost are usually 
large, while the central are more or less squamous and form a yellowish 
onion-like mass. Sometimes the central cells appear large and vesicu- 
lar, while the outermost are scaly and flattened. These concentric 
masses of cells are called concentric globes, or epithelial nests, and, though 
not distinctive or essential, they are exceedingly characteristic of epi- 
thelioma. The cells forming them are usually fatty and may be so 
closely packed as ultimately to become hard and dry like those of the 
nails and hair ; the globes are then of a brownish-yellow color and of a 
firm consistence. These globes are often large enough to be readily 
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visible to the naked eye, and, owing to the onion-like arrangement of 
the epidermic scales, they usually present a fibrous appearance, 

The stroma presents every variation between rapidly growing 
embryonic and incompletely fibrillated tissue. It may be tolerably 
abundant or almost entirely wanting. It rarely forms such a marked 
alveolar structure as that which characterizes the other varieties of 
carcinoma, and consists simply of the fibrous tissue of the part more or 
less infiltrated with small round cells, which may be ultimately replaced 
by connective tissue. 


Squamous epithelioma. a, horny epithelial layer; b, Malpighian layer, with islets of connective 
tissue; c, connective tissue ; d, section through columns of cellsof Malpighian layer appear- 
ing as cell-nests; e, transverse and oblique sections of projecting columns of epithelium, 
in some of which (/) the central cells have become horny. x 40. 


The development of squamous epithelioma is due to the down- 
growth of the surface-epithelium of skin or of certain mucous mem- 
branes into the connective tissue and deeper parts, as is described on 
page 128. The tendency of epithelioma is to break down and ulcerate 
at an early stage: the breaking down is due to fatty degeneration of 
the cells, and not to inflammation. 

To the naked eye epithelioma usually presents itself as a small hard 
ulcer; as an indurated fissure; or as a subcutaneous nodule, which 
subsequently breaks down. The surface of the ulcer is irregular, and 
may be sloughy. It is often clean, and covered by large firm, bluish- 
red granulations, consisting largely of epithelium; more rarely the 
surface is markedly warty. The tumor itself is firm in consistence, 
often more or less friable, and, on section, presents a grayish-white 
granular surface, sometimes intersected with lines of fibrous tissue. 
The cut surface yields on pressure a small quantity of turbid liquid. 
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In many cases a peculiar, thick, crumbling, curdy material can also be 
expressed, which often comes out in a worm-like shape, suggestive of 
sebaceous matter from the glands of the skin. This material is very 
characteristic. It is composed of fatty epithelial scales, and on being 
mixed with water it does not diffuse like the juice of other cancers, but 
separates into minute visible particles. If it is very abundant, the 
cancer is soft and friable, and the material can be seen on the cut sur- 
face as small scattered opaque dots. 

Irritation is believed to have more to do with the causation of squamous 
epithelioma than of other kinds of cancer, Some, such as cancer of the 
scrotum from soot, and epithelioma of the arm in workers with tar or 
paraffin, appear to be due simply to irritation in people the physiologi- 
cal resistance of whose connective tissue is diminished until invasion 
by epithelium is rendered easy. Other epitheliomata occur at points 
where, the process of development being complicated, errors are likely 
to have occurred. These places have been already enumerated (p. 88). 
Many of these are points exposed to irritation. Squamous epithelioma 
usually affects the lymphatic glands, but rarely occurs in internal 
organs. 


Rodent Ulcer. 


Rodent ulcer is a form of squamous epithelioma beginning as a 
pimple-upon the nose or cheek, and liable to frequent irritation from 


Rodent ulcer of nose. The patient had small rodent ulcers of the nose and cheek, and an early 
epithelioma of the lip. x 50. (Boyd.) 


rubbing or picking. After a time it breaks down, and the ulcer thus 
formed slowly spreads, destroying everything that it meets, including 
bones, and producing the most hideous deformity. This may go on for 
many years, the health remaining good and no gland being affected. 
Rodent ulcer is the least malignant form of cancer. It occasionally 
shows a tendency to cicatrize, and at places may even become covered 
with normal epithelium, It differs from ordinary squamous epithelioma 
chiefly in the small size of the cells, in the absence of prickle-cells, in 
the slight tendency the cells show to become scaly and to form nests, 
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and in the ease with which the epithelial columns can be traced 
(Fig. 79). Some authorities believe that rodent ulcer begins in the 
root-sheaths of the hairs or in the gland-epithelium of the skin. In. 
some cases having the characteristic history of rodent ulcer, the struct- 
ure is that of typical squamous epithelioma. 


III. Columnar Epithelioma. 


The terms columnar epithelioma and adenoid cancer are applied to 
those forms of epithelial cancer which grow from mucous membranes 
with columnar (cylindrical) epithelium—e. g., the stomach and intes- 
tines, and especially the rectum and uterus. In these tumors the epi- 
thelial elements are similar to those of the mucous membrane from 
which they grow. They are cylindrical in shape, and are arranged per- 
pendicularly to the walls of the alveoli in a manner precisely analogous 
to that of the columnar epithelium on the mucous surface (Fig. 80). 


Fig. 80 


Columnar epithelioma. From the colon. x 100. 


The slower the growth, the more typical the gland-formation. In 
rapid growths, and in recurrences, the cells are small and the lumina 
imperfect. The latter may be filled up, and the growth be indistin- 
guishable from acinous cancer, except by its edge, where a low columnar 
or cubical form usually persists ; but this too may be lost. The growths 
are of a soft and often gelatinous consistence ; they show a marked 
tendency to undergo colloid degeneration. These tumors cause sec- 
ondary growths in the lymphatic glands, and sometimes in the liver, 
lungs, and bones: the secondary tumors possess the same characters as 
the primary cancers. Columnar epitheliomata are generally less malig- 
nant than the acinous forms. 

At an early stage the growth penetrates the muscularis mucosee and 
invades the deeper structures, thus differing from an adenoma. _ It ulcer- 
ates with extreme readiness. 
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Colloid Cancer. 


Colloid cancer is simply one of the preceding forms which has un- 
dergone mucoid or colloid degeneration. Sarcomatous and other non- 
cancerous growths may undergo the same change. 

The alveolar structure in colloid cancers is very marked. The alveoli 
have very thin walls; they are large, distinct, and more or less spherical 
in shape. The large size and distinctness of the alveoli is owing to their 
distention by products of degeneration. These products form a gelati- 
nous colloid material, which is glistening, translucent, colorless, or yel- 
lowish, and of the consistence of thin mucilage or size. In the main 
it is perfectly structureless ; within the masses of colloid material, how- 
ever, are imbedded varied numbers of epithelial cells (Fig. 81). These 


Colloid cancer. Showing the large alveoli, within which is contained the gelatinous colloid 
material. x 300. (Rindfleish.) 


cells present a peculiar appearance: they are large and spherical in 
shape, and are distended with drops of the same gelatinous material as 
that in which they are imbedded (Fig. 81). Many of them display a 
lamellar surface, their boundary being marked by concentric lines. It 
would appear that the colloid change commences in the cells, which are 
gradually-destroyed in the process. In other cases, indistinguishable by 
the naked eye, the cells, with the exception of slight fatty degeneration, 
are but little affected, and the substance distending the alveoli is more 
viscid and mucoid in character. This is due to a mucoid degeneration 
(p. 79) of the intercellular substance rather than to a colloid change com- 
mencing in the cells. 

Colloid degeneration is most frequently met with in cancers of the 
abdomen, especially those of the stomach, intestine, ovary, and peri- 
toneum. The tendency of abdominal tumors to undergo colloid degen- 
eration is, at present, unexplained. 
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TERATOMATA. 


These are congenital tumors occurring chiefly as projections from 
the sacral region (coccygeal tumors), or from the head or neck—points 
at which double monsters are often united. Sometimes teratomata are 
placed within the abdomen or other part of the body and cause no 
actual projection. Some of them are due to the inclusion and imper- 
fect development of one embryo within another ; others to the excessive 
and disorderly development of a portion of the tissues of a single foetus. 
Teratomata are most complex, and may contain all the tissues of the 
body up to ganglion-cells, more or less confusedly mixed. They may 
be very large at birth, or may not attract notice till later. 

Dermoid cysts belong to the same group. Their walls (Fig. 82) are 


Fig. 82. 


Dermoid cyst of the ovary. Showing all the structures of true skin except sweat-glands—viz., 
epithelium, rudimentary papille, fibrous tissue or cutis vera, hair follicles, and large seba- 
ceous glands. x 18. (Boyd.) 


composed of skin and of any of the structures ordinarily arising from 
skin. All varieties of connective tissue may also be found in the walls. 
The cysts contain epithelial products, coils of long hair, teeth, and even 
bones. They may occur anywhere, but are commonest in the ovaries, 
testicles, and subcutaneous connective tissue. In many cases they seem 
to be due to the inclusion of a piece of epiblast, and are analogous to 
the implantation-cysts which are occasionally produced by the inclusion 
or “healing in” of a piece of skin during life (Fig. 83). 


CYSTS. 


In addition to the new-growths already described, there is a large 

; ; ne 
class of formations, many of which cannot be regarded as “ tumors,” in 
the strict application of this term. These are the cysts or cystic tumors, 
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A cyst is a cavity containing liquid, gelatinous, or pultaceous ma- 
terial, which is separated from the surrounding structures by a more or 
less distinct capsule. It may be (1) part of a new-growth ; or (2) a 
pre-existing structure which has become distended by its own secretion, 


Fig. 83. 


Implantation-cyst, in abdominal wall, removed on the supposition that it was a recurrent 
nodule of a growth removed by laparotomy about a year before. It was probably due to 
the growth of a fragment of skin which had been inverted at the time of the operation and 
severed from its original connections. (From a specimen by Dr. Rolleston.) x 9. 


by a growth from its lining wall, by the extravasation of blood or other 
fluid into it, or by some more complex process. Only a minority of 
these come within the category of new-growths ; but, for the sake of 
convenience, they will all be considered together. 

The accumulation of secretions and of other products within pre-exist- 
ing cavities may be effected in the three following ways : 

(1) By the retention of the normal secretion owing to the closure 
of the excretory ducts, as so often occurs in sebaceous glands (retention- 
cyst). 

(2) By excessive secretion, the cavity being unprovided with an 
excretory duct, as in the distention of burse. 

(3) By the extravasation of blood into the cavity, as in the sac of 
the tunica vaginalis (hematocele). 

The independent formation of a cyst may take place— 

(1) By the softening and liquefaction of the tissues in some partic- 
ular part, owing to mucoid or fatty changes, or to colliquative necrosis. 
The tissues around the softened matters become condensed, and ultimately 
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form a kind of eyst-wall, as in the small subchondral cavities sometimes 
seen in rheumatoid arthritis. 

(2) By the collection of fluid in certain connective-tissue spaces, and 
the subsequent enlargement and fusion of these spaces. The surround- 
ing tissue becomes condensed, and forms a cyst-wall; and this may in 
some cases become lined with flattened connective-tissue cells (endothe- 
lium). In this way a false bursa is formed. 

(3) By the formation of a cyst-wall round foreign bodies, parasites, 
or extravasated blood ; the wall consists of fibrous tissue, and is the 
result of a chronic inflammation. Smooth, heavy, sharp-edged foreign 
bodies are particularly liable, during the process of “healing in,” to 
produce cysts of this character, especially when the parts are not kept 
at rest. Salzer has suggested the artificial introduction of such sub- 
stances when adhesions are feared or a false joint desired. 


Structure.—The wall of the cyst will vary in its nature according 
as it is that of a pre-existing or a newly formed cavity. In the former 
ease, it will possess a lining which will present the same characters as 
that of the gland, serous membrane, or other structure from which the 
eyst originated. If the cyst is of independent formation, there is at 
first no endothelial lining to the fibrous capsule, but one may develop 
later, as in false bursee. The cyst-wall is sometimes firmly connected 
with the adjacent parts, so that it can only with difficulty be separated ; 
in other cases the union is much less intimate. Instead of being a dis- 
tinct structure, it may simply consist of the surrounding tissue which has 
become dense and fibrous in character. 

The contents of cysts are very varied, and may serve as a basis for 
their classification. In the retention-cysts they will vary with the nature 
of the normal secretion. Serum, sebaceous matter, saliva, milk, seminal 
fluid, and other substances are found in these cysts: they are more or 
less altered in character from having been retained in a closed cavity. 
In the exudation-cysts serum is the most frequent constituent ; and in 
extravasation-cysts, blood. In those cysts which originate from the 
softening and breaking down of tissue the contents are formed from the 
products of degeneration, such as mucin, fatty matters, and serum. 

Cysts may be simple or compound. A simple cyst consists of a 
single cavity (/oculus). A compound or multilocular cyst is one con- 
sisting of numerous loculi, which either communicate with one another 
or remain isolated. Another variety of compound cyst is one with 
endogenous growths, or, in other words, a large cyst with others grow- 
ing in its walls. A compound cyst may become a simple one by de- 
struction of the walls separating individual loculi. 

Cysts are frequently associated with other growths, hence the terms, 
“ eystic sarcoma,” “ cystic cancer,” ete. It is especially in those growths 
which originate in glandular structures, as in the mamma, testicle, and 
ovary, that this combination is met with. The cystic development may 
almost entirely obliterate the structure of the tumor in which it takes 
place, so that ultimately the latter may become converted into a mere 

10 
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congeries of cysts, as in compound ovarian cysts and cystic kidneys. In 
other cases large papillary masses of the tumor grow into the cystic 
cavities (compound proliferous cysts). Considerable difficulty in deter- 
mining the nature of the original growth is thus not infrequently expe- 
rienced, 


Secondary Changes.—These may take place in the wall of the 
cyst or in its contents. The cyst-wall itself may become the seat of 
new-growths, and produce secondary cysts, villous, glandular and other 
structures : this process occurs in many compound ovarian cysts (p. 126). 
It may also be the seat of an inflammatory process, which terminates 
in suppuration and granulation; by this means the cyst frequently 
becomes obliterated, its contents being either absorbed or discharged 
externally, and the cavity closmg by granulation. Calcification and 
ossification of the wall may also occur. The contents may become altered 
in character, thickened, and viscid. Epithelial elements undergo fatty 
changes, and so give rise to cholesterin-crystals. Calcification of the 
contents is also common. 


Fia. 84. 


Sebaceous cyst. c. ¢, the thin connective-tissue layer forming the outside of the wall, lined by 
a thick layer of epithelium (e). The outer cells of the latter layer are somewhat cubical; 
while the inner are flattened, and are succeeded by fatty débris, which forms the innermost 
part of the wall, and is (f) so compressed as to have a fibrous aspect. (Boyd.) 


Varieties —Cysts may be most conveniently classified according to 
their mode of origin, thus : 
I. Cysts formed by the accumulation of substances within the cavities 
of pre-existing structures. 
(1) Retention-cysts—Cysts resulting from the retention of nor- 
mal secretions. These include : 
a. Sebaceous Cysts.—These are formed by the retention of 


ee 
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sebum in the sebaceous glands. The cysts possess a very 
thin connective-tissue wall lined by stratified epithelium 
(Fig. 84). They contain a mass of fatty epithelium and 
its products, cholesterin and amorphous débris. Many 
sebaceous cysts are really neoplasms, and are classed as 
cystic adenomata. 

b. Mucous Cysts.—These are formed by the retention of 
secretions in the glands of mucous membranes. 

ce. Cysts from the retention of secretions in other parts, including 
ranula, from occlusion of the salivary ducts ; encysted 
hydrocele from occlusion of the tubuli testis; mammary 
cysts, from obstruction of the lacteal ducts ; simple and 
some compound cysts of the ovary, from dilatation of the 
Graafian follicles ; and simple cysts of the kidneys from 
local obstruction. 

(2) Exudation-cysts—Cysts resulting from excessive secretion in 
cavities unprovided with an excretory duct. These include 
burse, ganglia, hydroceles, meningoceles, cystic bronchoceles, 
and many cysts in the broad ligament. 

(3) Extravasation-cysts.—Cysts resulting from extravasation into 
closed cavities. These include hcematocele, and some other 
forms of sanguineous cysts. 

Il. Cysts of independent origin. 

(1) Cysts from Softening of Tissues.—These are especially com- 
mon in new formations, as in chondroma, lipoma, sarcoma, 
etc. 

(2) Cysts from Extravasation into Solid Tissues—e. g., into brain, 

or soft new-growths. 

(3) Cysts from Expansion and Fusion of Spaces in Connective 
Tissue—e. g., false burse, originating from irritation and 
exudation into the tissues. 

(4) Cysts formed around Foreign Bodies, Extravasated Blood, and 
Parasites. 

(5) Congenital Cysts—Many persistent foetal structures (p. 23). 
Dermoid cysts. 

(6) Cysts forming part of the growth of Parasites—“ cystic stage” 

_ —(eysticercus cellulose, hydatids). See “Animal Parasites.” 


CHAPTER V. 


HYPERTROPHY. 


Wiru the exception of new-growths, the morbid processes thus far 
described have been attended either by arrest or by impairment of 
nutrition ; there remain to be considered those in which the nutrition 
is so changed that formation exceeds waste and increase of tissue results. 
They include hypertrophy and repair. 

Hypertrophy may be defined as “an increase in the size, weight, and 
funetional activity of a part beyond the limit of health, due to an orderly 
enlargement or inultiplication of all its normal constituents.” From this 
definition it will be seen that the natwre of the process is strictly physi- 
ological ; in evtent only it is pathological. External form and minute 
structure alike exhibit a single change—that of size. The weight of a 
hypertrophied organ, however, gives the most reliable indication of the 
extent of the change. Strictly proportional to the increase in size and 
weight is that in work done. 

The terms “ false hypertrophy” and “ pseudohypertrophy ” are used 
to indicate that the increase in size, while presenting a superficial resem- 
blance to hypertrophy, is due either to the unequal overgrowth of the 
tissue-elements, or to the growth of only one of them—often at the 
expense of the rest ; and that there is no increase in work done. Thus 
pseudohypertrophic muscular paralysis is characterized by a marked 
enlargement of certain muscles, due to an increase in their connective- 
tissue elements, accompanied by atrophy of the muscular tissue and 
diminished capacity for work. 

Hypertrophy is said to be “simple” when due to an increase in the 
size of the tissue-elements of the affected part ; “numerical,” when due 
to an increase in their number. The latter is also called hyperplasia. 
These terms are of little practical value; for hypertrophy is in nearly 
all cases believed to be numerical ; and in most cases it is simple as well. 
In the great example of physiological hypertrophy—the gravid uterus— 
some of the muscular fibres may be ten times their normal size. 


Etiology.—The principal factors in the production of hypertrophy 
appear to be (1) inereased functional activity, and (2) excessive nutritive 
supply. Other agents to which more or less importance is attached are 
(3) diminished waste; (4) removal of resistances to growth offered by 
neighboring or controlling tissues (altered tissue-tension ; (5) congenital 
conditions, such as an increase in the embryonic rudiment or an exces- 
sive vital energy. 

1. Ina large number of cases hypertrophy seems to occur as a re- 
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sponse to a demand which has arisen for increased work. An example 
of this occurs when a difficulty arises in the circulation. The difficulty 
may be due to a narrowing in the arterioles, to obstruction at one of 
the orifices of the heart, or to some interference with the movements of 
the heart-walls themselves, such as may be caused by the permanent 
adhesion of the visceral and parietal surfaces of the pericardium. 
Under the altered conditions the normal blood-flow can only be main- 
tained by increased work on the part of the heart. In such circum- 
stances it generally happens that in proportion as the difficulty gradually 
makes itself felt, so the part or parts of the heart, upon which the extra 
work required falls, gradually hypertrophy : thus the increased demand 
is permanently provided for. At the same time the supply of blood 
through the coronary arteries is also increased. It would seem, indeed, 
that this is the connecting link between the increased work and the 
production of the hypertrophy ; for if, through disease of the coronary 
arteries or other cause, the increase in the supply of blood to the heart 
cannot be effected, the requisite hypertrophy does not occur. When 
hypertrophy arises in this way it is termed compensatory. 

In some instances a further explanation of the compensatory hyper- 
trophy of the muscular walls of the heart seems possible. Regurgita- 
tion through the mitral orifice causes over-distention of the left auricle 
and stretching of its muscular walls, as well as overfulness of the 
supplying pulmonary vessels. The walls of the auricle, being in the 
position of an overweighted muscle, will subsequently contract with 
proportionately increased vigor, and, if the increased work is accom- 
panied by a proportionately increased blood-supply, will gradually 
hypertrophy. The increased amount of blood consequently discharged 
into the left ventricle, just before its contraction, will distend the latter 
cavity and stretch the muscular fibres in its walls during the period of 
their relaxation, and will lead, therefore, in a similar way to hyper- 
trophy of the left ventricle. The right ventricle will also undergo 
hypertrophy, due to the increased work done in forcing the blood 
through the lungs into the left side of the heart. 

The power of the heart thus to hypertrophy is by no means un- 
limited. One source of limitation is very clear: this is in the blood- 
supply. If in any way the quality of the blood deteriorates, or the 
coronary vessels become rigid or partly obstructed, not only is increased 
growth an impossibility, but, as has already been said, fatty degenera- 
tion will inevitably ensue (p. 49). The other chief source of limitation 
lies in the “growing capacity ” of the cells. When the original disease 
is of a progressive character, or when its ravages are increased by the 
help of allied diseases, it is clear that there must come a time when, 
even though the coronary circulation be apparently adequate, the 
inherited capabilities of the cells will fail, and growth consequently 
cease. Little is known concerning this inherited growing capacity, but 
it is a very important factor. Probably no increase of the blood-supply 
could save a thymus gland from atrophy or increase the number of 
adult yanglion-cells. 
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When muscle contracts frequently against a moderately increased 
load, it also hypertrophies, as is seen in training. Frequent contraction 
alone is insufficient, for the muscles of hands used actively, but not 
forcibly, do not enlarge, nor is frequent micturition in pyelitis followed 
by thickening of the muscular walls of the bladder. If, however, an 
obstruction occurs in the urinary passages, which the bladder can over- 
come by more powerful contraction, hypertrophy begins. Other ex- 
amples of such compensatory hypertrophy may be seen in the walls of 
the intestine just above a permanent but not impermeable stricture, or 
in those of a vein in aneurismal varix, or of any bloodvessel through 
which an abnormal quantity of blood is forced. 

When any organ is removed, or prevented from fulfilling its ordinary 
function, other organs, which take on its work, hypertrophy, receiving 
the blood which should have supplied the diseased organ as well as 
their own. This is best seen in the kidney; rarely in the testis and, 
perhaps, occasionally in the lung. The power of hypertrophy possessed 
by a glandular organ is only complete in foetal life. If one kidney be 
destroyed before birth, the other will grow until it reaches double its 
normal weight, but if the damage occur later, the increase in the sur- 
viving organ will not exceed one-third of the original, and the reserve 
power of the organ will accordingly be less. Removal of one sub- 
maxillary gland is not necessarily followed by hypertrophy of other 
salivary glands; this occurs from more frequent stimulation of their 
secretory nerves, which probably produces the large submaxillary glands 
seen in epithelioma of the tongue. The kidneys, however, are under 
nerve-control in a different way ; they seem to be excited to secrete by 
the presence in the blood of material suitable for their secretion, and 
hypertrophy naturally results from a continued and marked increase in 
the supply of blood containing such material—presumably the products 
of tissue-metabolism. Enlargement of lymphatic glands has been noted 
after removal of the spleen. Increased weight thrown on a bone causes 
thickening of it—e. g., of the fibula in ununited fracture of the tibia. 

2. Increased nutritive supply has already been considered in part. 
Attention must, however, be drawn to those cases in which continued 
hyperemia from hard use and slight injuries is followed by thickening 
of the epithelium, as in a laborer’s hand. Under similar conditions, a 
corn may arise. Increased blood-supply to a limb may cause lengthen- 
ing of a bone, if the epiphysis be ununited, as is seen in large ulcers, 
caries, necrosis, and other conditions : the soft parts increase secondarily. 
Excessive growth of hair occurs in the hyperemic zone of a chronic 
ulcer of the leg. In all probability increased vascular supply cannot 
by itself give rise to hypertrophy of any but the least specialized 
tissues. 

3. Diminished waste is not a common cause of hypertrophy. The 
sclerosis of bone produced by small doses of phosphorus, the increase in 
size and strength of animals treated with small doses of arsenic, and 
the invigorating effect of this drug upon Styrian mountaineers, may 
perhaps be explained by diminished waste. 
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An example often quoted is the subinvoluted uterus, the bulk of 
which is made up of hypertrophied muscle and connective tissue with 
thick-walled vessels, but it is doubtful whether chronic inflammation 
is not largely responsible in these cases. Uncut hair and nails, and, 
in the case of many animals, wnopposed teeth, grow till their vessels 
supply only nutriment enough to maintain them in their finally attained 
condition, These are, however, doubtful examples of hypertrophy. 

4, The removal of resistances to growth is difficult to ascertain. It 
is sometimes mentioned as a factor in the production of such deformi- 
ties as “ knock-knee ” (genw valgum) : here excessive pressure is thrown 
on the outer articular surfaces of the femur and tibia, whilst the weight 
borne by the inner surfaces is less than normal, and they, consequently, 
grow excessively. This explanation is, however, incompatible with 
the occurrence of atrophy of the tibia in ununited fractures of that 
bone. Many scleroses or hypertrophies of connective tissue follow upon 
atrophy of the essential elements of an organ: the natural resistance 
between the two tissues (éssue-tension) has been removed. 

5. There remain certain cases in which the etiology is even more 
doubtful than in the above. These are (1) cases of true giant-growth— 
é. g., hypertrophy of the whole body (giants), of half the body, of 
whole limbs, or of parts of limbs, as fingers and toes: such parts are, 
on dissection, normal, except in size. (2) Cases of false giant-growth 
occur in which the connective tissue alone is increased, the part being 
often misshapen: lymphatics are often dilated, and the bloodvessels 
may be nevoid. Examples are met with especially in the lip (maero- 
cheilia), tongue (macroglossia), and lower extremity : these changes are 
by some authorities classed as lymphangiomata (p. 97). Hypertrophy 
of connective tissues and surface-epithelium may result from an ex- 
cessive, though slow and impure, supply of blood. In some of the 
above, which are congenital or appear soon after birth, there may be 
excessive vital energy or too large a number of the cells forming the 
rudiment of the part or tissue. 

Nothing is known of the causation of senile hypertrophy of the 
prostate ; nor of the enormous, but rare, enlargement of the female 
breast which may occur at puberty. 


CHAPTER VI. 
INFLAMMATION AND REPAIR. 


INFLAMMATION is a clinical term of great age, and suffers from the 
same disadvantage as other clinical terms adopted by pathologists, inas- 
much as each successive discovery concerning its nature necessitates a 
wider divergence between its clinical and pathological connotations. 
For centuries, inflammation was known as the condition characterized 
by the presence of redness, swelling, heat, and pain—the cardinal signs 
of inflammation. Later on, two others were added—tenderness and 
impaired function. It was next gradually recognized that inflammation 
is a process rather than a condition ; and it was accordingly defined as 
the “succession of changes which takes place in a living tissue as the 
result of some kind of injury, provided that this injury be insufficient 
immediately to destroy its vitality”? (Sanderson). 

Modern experiments have led pathologists to consider that the 
processes comprised in inflammation represent, and can best be de- 
scribed as, the reaction of the tissues to irritation. The reaction of the 
tissues under such circumstances is very complex and varies both with 
the irritant and with the tissue. It has, therefore, become increasingly 
difficult to connect and classify all the possible manifestations of this 
reaction. To avoid these difficulties some pathologists have advocated 
the abolition of the term “inflammation,” on the ground that it de- 
ceives by suggesting the presence of a single process which has no 
clearly defined existence. This, however, appears to be falling into 
the opposite error ; while the term, in the meantime, has too firm a 
hold on pathological conceptions to permit of its being so readily 
discarded. 

In this chapter we shall first take four selected instances of tissue- 
irritation and describe the phenomena they exhibit; then proceed to 
discuss and, as far as possible, to explain these various phenomena ; 
and finally conclude with a description of the varieties and causation 
of the different processes which are at present regarded as inflamma- 
tory, including the repair of the damaged tissues. 


Reaction of Tissues to Injury.—1. Simple Repair—To a minute 
spot in the centre of the anterior surface of the cornea Senftleben 
applied a solution of chloride of zinc, which soaked through the dense 
anterior corneal lamina without destroying it. By this method he 
found it was possible to kill the corpuscles immediately underneath the 
affected area of the cornea without influencing the marginal vessels. 
The cornea remained quite clear, showing no naked-eye change ; but, 
on the third day, microscopic examination showed that the swollen 
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corneal corpuscles round the damaged area were shooting processes into it. 
By normal karyokinesis, these cells gradually replaced those destroyed 
until the corneal corpuscles were completely restored. In this instance 
of tissue-reaction we have simple destruction on the one hand and sim- 
ple regeneration on the other. Instances of a process as simple as this 
are difficult to obtain. 

2. Simple Inflammation.—If the web of a frog’s foot, or some other 
piece of thin transparent tissue, be placed under a microscope, and the 


Fig. 85. 


Small vein in mesentery of dog, after exposure for half an hour and irrigation with salt solu- 
tion. a, red corpuscles; b, leucocytes adhering to wall of vein; c, red corpuscles; d, leuco- 
eytes which have escaped from vessel; e, leucocyte in act of escaping; /, fibrous tissue. 
x 340. (Modified from Thoma.) 


part under observation be touched with a drop of chloroform or other 
volatile irritant, a definite series of changes can be observed. The first 
of these is a distinct dilatation of the arterioles, then of the veins, and 
about an hour afterwards, of the capillaries. The dilatation progresses 
steadily and is accompanied by some increase in the length of the ves- 
sels, so that they become slightly tortuous. The arterioles are affected 
most, then the veins, and, least of all, the capillaries. This enlarge- 
ment of the bloodvessels is at the onset accompanied by a temporary 
acceleration in the flow of the blood. If the injury has been extremely 
slight, the vessels and circulation may at this point gradually return to 
the normal ; but, in the large majority of cases, by the time the dilata- 
tion is complete, this acceleration begins to give place to progressive 
retardation, the vessels still remaining dilated. Pulsation can now be 
observed in the smallest arteries ; and the blood-stream is slow enough 
for the observer to distinguish the individual corpuscles in the capil- 
laries and smaller veins, and sometimes even in the arterioles. The 
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retardation of the blood-current may take place rapidly, and is always 
first observable in the veins. 

As the blood-current becomes slower, the axial stream becomes 
broader ; and white corpuscles, in increasing numbers, fall into the 
marginal stream—rolling slowly along, stopping here and there, and 
finally coming to a standstill (Fig. 85). Thus the smaller veins become 
lined with leucocytes. Somewhat: similar, but less complete, changes 
occur in the capillaries. In the meantime the distinction between 
axial and marginal streams completely disappears, and the vessels 


Fria. 86. 


Subcutaneous, tissue some distance above dead part in a case of spreading gangrene. Three 
veins packed with leucocytes (/), which are escaping freely. Round the artery (below) there 
are none. Outside the vessels many larger cells are seen. 200. 


become filled with both red and white corpuscles (Fig. 86). Actual 
measurement shows that the vessels may be at least one-fourth larger 
than natural. After a time all onward movement ceases in the capil- 
laries, and their contents sway to and fro with the pulse. This is 
known as the stage of oscillation, and is succeeded by that of stasis, in 
which no movement of any kind occurs. In the severest cases, throm- 
bosis may take place ; this always occurs when the capillary walls are 
dead (p. 29). 

If a small vein lined by leucocytes be carefully watched, some of 
the leucocytes immediately adjacent to the wall can be seen gradually 
sinking into it and passing through into the surrounding tissues. The 
actual passage of the leucocytes through the wall cannot ordinarily be 
observed. Small button-shaped elevations appear on the outer side of 
the wall of the vessel. These gradually enlarge, assuming the form 
of irregular, pear-shaped bodies adherent by their small ends to the 
vessel-wall, and often send out processes whilst so attached (Fig. 85). 
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Ultimately, the small pedicles of protoplasm give way, and the cor- 
puscles are free outside the vessel. A similar escape takes place, but 
to a less extent, from the capillaries (diapedesis). 

As arule, in inflammation the escape of white corpuscles greatly 
exceeds that of the red (Fig. 87); but in some cases, in which almost 
complete stagnation is induced in a large number of capillaries, the 
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Acute rheumatic myocarditis, associated with endo- and pericarditis. The tissues around the 
artery, seen in longitudinal section, are infiltrated with leucocytes; hemorrhage (h) has 
occurred from the longer branch. X 250. (Mott.) 


usual state of affairs may be reversed (Fig. 88). From such capillaries 
the red corpuscles pass out in great numbers—probably between the 
endothelial cells—occupy the interstices of the tissues, and give the 
exudation a hemorrhagic character. Several may escape in quick 
succession from one place, giving rise to a red spot, visible to the 
naked eye as a punctiform hemorrhage (Fig. 87). No gross rupture 
of the vessel-wall occurs, as may be shown by injecting the vessels. 
On the other hand, when retardation has not culminated in stasis, most 
red corpuscles remain within the vessels and pass along through the 
inflamed area, whilst the leucocytes, adhering to the walls, become 
elongated and pear-shaped from the influence of the passing blood- 
stream, as just described. 

Both red and white corpuscles at first remain near the vessels 
whence they have escaped ; but they are soon pushed away by other 
corpuscles, or washed on by the escaping fluid. ‘The white corpuscles 
have, in addition, their own peculiar power of locomotion, stimulated 
and directed by the chemical products in the neighborhood of the 
irritation (chemotawis, p. 172); for this reason they may ultimately be 
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found far from their place of egress. When absolute stasis occurs the 
emigration of corpuscles ceases. 


Fic. 88. 


Deeper layer of cutis and subcutaneous fat, a short distance above the dead part in a case of 
spreading gangrene. The interstices of the tissues are crammed with red corpuscles, 


among which are a few leucocytes. ¢.t, connective tissue; f, fat-cells; r.c, red cor- 
puscles. x 150. (Boyd.) 


While these visible changes are in progress, a much larger amount 
of fluid than naturally escapes from the vessels passes into the sur- 


Coagulated inflammatory exudation into alveoli of lung in a case of acute pneumonia. 
a, alveolus containing fibrin-filaments and a few blood-corpuscles; b, alveolus containing 


a larger proportion of corpuscles; c and d, desquamated alveolar epithelium; v, vein. 
120. 


rounding tissues. Moreover, the exuded fluid differs in composition 
from the normal lymph. The greater the damage to the vessels the 
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more nearly the exudation approximates to the liquor sanguinis, and 
the greater the number of corpuscles it contains (Fig. 89). 

By the time all these events have occurred, the irritant may have 
disappeared, and the consequent vascular changes just described have 
begun to subside. If the extreme periphery of the inflamed area be 
closely watched, the corpuscles of the stagnant blood will be seen to 
move off one after another, until a slow stream is re-established through 
the inflamed area. This stream quickens as resistance diminishes, and 
contraction of the vessels follows the gradual recovery of power by 
their muscular coats. Exudation, first of corpuscles, then of fluid, 
ceases, and the circulation again becomes normal. 

The cells are removed mainly by the lymphatics; the exuded fluid 
also escapes by the lymphatics and, after restoration of the circulation, 
by the veins as well. In the later stages any unremoved blood-cor- 
puscles or fibrin undergo fatty degeneration, and thus the complete 
removal of the inflammatory products is much facilitated. Any 
endothelial or connective-tissue cells, which may have been destroyed 
by the irritant, are replaced by multiplication of the surviving cells, 
and the recovery of the inflamed tissue is complete. 

The changes which occur in the healing of wounds furnish good 
illustrations of the phenomena of inflammation just described. 

(1) Healing by First Intention If an incision through the skin and 
underlying structures be made by a sharp and perfectly clean instrument, 
and no subsequent infection of the wound be permitted, the following 
changes can be observed. The incision through the capillaries, arteri- 
oles and venules will be followed by a small amount of hemorrhage, 
and the damaged vessels will dilate. If no large bloodvessel has been 
injured, the hemorrhage will quickly cease, as the divided vessels become 
plugged by thrombi—the thrombosis extending in each vessel to the 
nearest collateral branch. If the cut surfaces remain apart, and such 
blood as may have collected on them be removed, they will gradually 
acquire a shiny or glazed appearance. ‘This glaze is formed by exuda- 
tion of fluid and cells from the neighboring vessels, in the manner just 
described as occurring in the web of the frog’s foot. At first there will 
be a large proportion of red corpuscles in the exudation, but this pro- 
portion will rapidly diminish and the coagulating fluid will then become 
clear and yellow. If the cut surfaces be now brought into exact appo- 
sition throughout their whole extent, they will become glued together 
by the exudation, some of which will infiltrate the tissues in the imme- 
diate neighborhood and some escape between the edges of the wound, 
thus reaching the surface of the skin. If the wound is large and deep, 
and the exudation considerable, it is necessary to provide channels to 
facilitate the escape of the exudation. The same events will occur if the 
eut surfaces be brought together directly the bleeding has ceased. 

Microscopic examination, on the second day afier the injury, shows 
the cut surfaces of the wound connected by a narrow layer of coagulated 
exudation and leucocytes; while the tissues in the immediate neighbor- 
hood of the incision are swollen and granular and much infiltrated with 
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leucocytes. These are apparently instrumental in removing such minute 
portions of the original tissue as may have been killed by the injury. As 
the leucocytes disappear they are gradually succeeded by cells derived 
from the neighboring uninjured connective tissue ; while, on the exter- 
nal surface of the wound, the epithelium multiplies and covers the edges 
of the wound. In the meantime connections are also established between 
the cut vessels in a manner that will subsequently be described (p. 181). 
All these changes may be complete in a few days—less than a week— 
though they often take longer (Fig. 90); but if the cells of any more 


Fic. 90. 


Healing of an incised wound of the skin united by suture—sixth day. a, epidermis; b, corium; 
¢, fibrinous; ¢’, hemorrhagic exudate; d, newly formed epithelium, containing numerous 
karyokinetie figures, and showing epithelial plug projecting into exudate lying beneath ; 
e, karyokinetie figures at some distance from line of incision; f, new connective tissue 
growing from connective-tissue spaces and containing cells with karyokinetic figures and 
bloodvessels with growing walls; g, developing connective tissue with leucocytes; h, collec- 
tion of leucocytes at the lower angle of the wound; i, fibroblasts lying inside the exudate; k, 
sebaceous gland; J, sweat-gland. X 75, (Ziegler.) 


specialized tissues have been destroyed, their regeneration, if it occur at 
all, will not begin until the repair of the connective tissue is complete 
(Fig. 91). 

This form of healing will not occur if the surfaces of the wound are 
left gaping superficially, or are separated in their deeper parts by foreign 
bodies, blood, or any considerable quantity of exudation ; nor will it occur 
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if the surfaces are allowed to move one on the other ; nor if any consid- 
erable portion of the tissues has been destroyed ; nor if pyogenic organ- 
Isms or any other source of irritation are admitted. 

_ It often happens that in an extensive wound, however accurately 
adjusted, small collections of blood-clot will be found here and there in 


Fig. 91. 


Laparotomy wound—sixteenth day. a, epithelium; b, corium; ¢, subcutaneous fat; d, vessels 
in scar-tissue of corium; e, newly-formed epithelial layer; f, vessels in subcutaneous scar- 
tissue. > 40. (Modified from Ziegler.) 


the course of the incision, wherever hemorrhage from an imperfectly 
plugged vessel has caused separation of the surfaces. At such places 
the healing process is somewhat different. The vascular changes already 
described will oceur and the clot will thus become surrounded by the 
exuded fluid and leucocytes ; the latter will gradually penetrate the clot 
and destroy the red corpuscles. The leucocytes will be followed by 
cells derived from the fixed cells and plasma-cells of the surrounding 
connective tissue; and the organization of the mass will gradually 
follow (p. 166). 

(2) Healing by Granulation—If the cut surfaces of the original 
wound are permitted to remain apart, so as to form a large and open 
cleft, the healing process is much slower. The glaze on the surface 
of the wound liquefies and disappears ; a larger amount of the damaged 
tissue dies; a greater number of leucocytes make their way from the 
vessels to the surface; and the vascular phenomena extend over a 
somewhat larger area. 
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The uninjured connective-tissue cells situated immediately below 
the wound gradually multiply, and at the same time new capillaries 
develop from the endothelium of the nearest surviving vessels (p. 181), 
and form loops which penetrate into the layer of leucocytes now closely 
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A granulating surface. a, layer of pus-cells; b, granulation-tissue with loops of bloodvessels ; 


c, commencing development of the granulation-tissue into a fibrillated structure. (Rind- 
fleisch.) Diagrammatic. 


ageregated in the most superficial stratum of the wound (Fig. 93). 
On section, a few days after the injury, there may be seen, immediately 
above the undamaged tissue at the base of the wound, numbers of 
fibroblasts in various stages supplied with developing vessels, and, 
superficial to this, leucocytes and fibroblasts arranged round the summit 
of the capillary loops so as to form a number of small red points or 
granulations, from which this method of healing takes its name. Thus 
the wound is gradually and permanently filled up by the multiplication 
-of the surviving connective-tissue elements—plasma-cells and fixed 
cells. As the granulation-tissue reaches the level of the skin, the epi- 
thelium at the surrounding edge multiplies and, gradually extending, 
covers the intervening space. Many of the new bloodvessels subse- 
quently become obliterated, and the new tissue, known as scar-tissue 
(p. 167), though for a time pinker in appearance than the surrounding 
parts, becomes later on whiter and denser than the tissue around it. 
Healing by granulation is necessarily a much slower process than heal- 
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ing by first intention; while infection by micro-organisms is more 
likely to occur. The presence of organisms on the surface of a granu- 
lating wound will lead to the death of many of the leucocytes and, in 
most cases, to the formation of pus (p. 166). 


Granulation-tissue from an open wound with fibro-purulent deposit. a, granulation-tissue ; 
b, fibro-purulent deposit; c, bloodvessels. 150. (Ziegler.) 


(3) Union of Two Granulating Surfaces—When two surfaces have - 
granulated as above described, they may sometimes be caused to unite 
if brought together, thus saving much of the time which would be 
required for filling up from below. The presence of micro-organisms 
and imperfect drainage will prevent such union. This is the way in 
which abscesses should heal when their walls are allowed to fall to- 
gether by evacuation of the pus (p. 164). 

(4) Healing Under a Scab—This form of healing is possible when 
the wound is small and the exudation forms a scab as it dries on the 
surface. It is not common in man, except in superficial abrasions. 
The formation of granulation- and scar-tissue takes place beneath the 
scab, as also does the inward growth of epithelium. When the surface 
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beneath the scab is completely covered with epithelium, the scab drops 
off. The dry scab is but slightly irritant in itself, and does not putrefy. 
An attempt is made to imitate this process, when wounds, such as those 
leading to cavities, are closed with collodion ; or when blood or tincture 


Fia. 94. 


Miliary abscess in a case of septic embolism of the kidney. a, leucocytes advancing toward and 
surrounding b, a mass of cocci, in whose neighborhood all trace of structure has disap- 
peared; c, renal epithelium too damaged by bacterial products to take the stain; d, kidney- 
tissue staining normally; e, vein from which leucocytes are making their way to the com- 
mencing abscess. X 100. 


of benzoin on lint is allowed to dry and occlude the opening. Such 
treatment is, however, dangerous ; for if septic or infective organisms 
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have entered the wound, they will probably excite inflammation, and 
the absence of drainage will be most prejudicial. 

3. Suppurative Inflammation—If a portion of a culture of the 
Staphylococcus pyogenes aureus be injected into the subcutaneous tissue 
of a rabbit, the organisms thus deposited will, under ordinary circum- 
stances, multiply and produce an abscess. 

In the course of a few hours vascular changes, precisely similar to 
those described in the preceding section, can be observed in full pro- 
gress. Considerable numbers of leucocytes of the large uninucleated 
and, later on, of the multinucleated variety (p. 171), make their appear- 
ance in the affected area. Cocci may be found not only at the point 
of inoculation, but at some little distance from it. Some will be lying 
free in the tissue, but most will have been taken up by the cells of the 
part—whether leucocytes, fixed connective-tissue corpuscles, or endo- 
thelial cells of the capillaries. 

During the next twenty-four hours the cocci, on the one hand, 
multiply rapidly and pass into the adjoining lymph-spaces, while the 
multinucleated leucocytes, on the other hand, collect in increasing 
numbers until they have completely surrounded the cocci (Fig. 94). 

By the end of the second day there are generally several central 


Section through a smallpox pustule. The horny layer over the centre of the surface has disap- 
peared, and the free edges are shown. A mass of cells is seen in the boundary between the 
swollen Malpighian layer and the true skin, making its way to thesurface. Thus the actual 
lesion is situated wholly in the epidermis, while the fluid and cells have passed up from the 
derma, the track being shown. (Compare Fig. 96.) (Boyd.) 


masses of cocci imbedded in, and surrounded by, a well-defined zone 
of leucocytes. The portions of the original tissue in which the masses 
of cocci lie do not stain, for, owing to the proteolytic action of the 
products of the cocci, all vessels and other evidences of structure have 
disappeared, except the multinucleated leucocytes with which the area 
has become more or less crowded. Many of the leucocytes show 
degenerative changes (fragmentation of nuclei), but in none of them, or 
of the tissue-cells in their neighborhood, are any evidences of repair 
(karyokinesis) to be made out at this stage. In the outer part of this 
zone the tissue is also crowded with leucocytes, the large uninucleated 
variety heing now confined to the periphery. In the extreme periphery, 
persistent remnants of the original tissue-cells may be seen. Beyond 
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the actual limits of this mass of cocci and leucocytes (abscess) the 
vessels are dilated and present the vascular changes previously de- 
scribed ; while here and there cocci may be found in the lymph-spaces, 
in the endothelial cells of the capillaries, or in the interior of the 
leucocytes. 

If the affected area be examined a few days later, further changes 
will be seen to have taken place. The centre of the abscess consists 
of cocci, leucocytes, and fatty débris in an albuminous fluid (pus). 
Around the pus, which is immediately encircled by a zone of living 
leucocytes, a barricade of new cells consisting mainly of fibroblasts 
(p. 166) has appeared, and in it a series of new capillary loops in con- 
nection with the neighboring and pre-existing vessels. This constitutes 
the so-called granulation-tissue (p. 161), and forms a wall in which there 
are no cocci and but few leucocytes. 


An abscess in the skin. The horny layer has largely disappeared, and the Malpighian layer is 
pushed upward by the subjacent abscess (a). The mass of pus-corpuscles is just breaking 
down to form a cavity, the walls of which are thickly infiltrated with similar cells. (Com- 
pare Fig. 95.) (Boyd.) 

If the pus and the surviving cocci be completely removed, and the 
entrance and growth of other organisms prevented by antiseptic pre- 
cautions and efficient drainage, the cavity will disappear by the gradual 
extension of the granulation-tissue toward the opening until the walls 
meet, assisted, in some cases, by the collapse of its sides. The per- 
manent obliteration of the abscess-cavity is ensured by the union of 
the walls and by the development of the constituent fibroblasts into 
cicatricial fibrous tissue. 

If left unopened, an abscess generally extends or shifts its position. 
The direction of its advance is due to the growth of the cocci and the 
action of their products: the extension is marked by thrombosis in the 
dilated vessels and necrosis of the cells they supply, as well as by 
emigration of leucocytes and exudation of fluid into the newly affected 
area just beyond, followed by a progressive repetition of the changes 
just described. The former site and track of the abscess is marked 
by the formation of granulation-tissue and, later on, of cicatricial 
fibrous tissue. The progress of an abscess is rarely arrested until 
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it reaches some free surface or open cavity, upon or into which it 
bursts. On section of the wall of a spreading abscess, all the stages 
of inflammation can be seen. In the centre, necrosis; in the vessels, 
as we pass outward from the centre, thrombosis, stasis, retardation of 
flow—diminishing, and perhaps giving place to acceleration, before the 
normal circulation is reached : in the tissues the usual exudation and 
diapedesis is found accompanying the retardation of the blood-flow. 
This account explains how it is that the presence of redness, heat, and 
cedema over a deep-seated swelling leads us to infer the occurrence of 
suppuration as the cause of the swelling. 

Diffuse suppuration is a similar process going on over a wide area. 
The damage to the tissues is often more intense than when the 
phenomena are circumscribed, and it is by no means uncommon to find 
shreddy sloughs in the pus, for the effect of the injury on some portions 
of tissue is so great as to cause death en masse. Diffuse suppuration 
is generally due to the Streptococcus pyogenes, an organism of exceed- 
ingly variable virulence. 

Pus, from a simple abscess occurring in an otherwise healthy person, 
is a thick, creamy, opaque, yellowish-white, slightly viscid fluid, having 
a faint odor, an alkaline reaction, and a 
specific gravity of 1030 to 1033. It con- Fig. 97. 
tains ten to fifteen per cent. of solids, 
of which two-thirds are proteid, and the 
rest fatty matter and salts, such as are 
found in blood. On standing, it separates 
into a dense yellow layer, pus-corpuscles, 
and a clear supernatant fluid, liquor puris. 
Pus-corpuscles are for the most part dead 
leucocytes of the multinucleated variety. 
They are more or less granular and motion- 
less : they usually contain a tripartite nucleus, 
which has not infrequently undergone de- 
generative fragmentation (Fig. 97). A eee estes ea ees Niki 
small minority of the cells may be still Be con vroect tes = 
living and retain their amceboid movements. 

These are the more recently migrated leucocytes. Acetic acid clears up 
the cells and renders obvious the often obscure nucleus (Fig. 98). 

On rare occasions, if all the bacteria be destroyed, a collection of 

pus may become encapsuled by the uniform 


development, round the fluid, of granulation- Fia. 98. 

tissue and its subsequent change into fibrous a 
tissue. Such pus may long remain encap- @ @ We) 
suled, its corpuscles breaking down into fatty ] eo 2 


débris ; but, as a rule, the fluid part is ab- Pus-corpuscles as seen in the 
ay 4 sf : urine. a, before, b, after, the 

sorbed, and a more or less dry, Beey-looking = aoa aon weatiate acca 

mass, consisting of cell-débris and cholesterin < 400! 

crystals, is left in the capsule. This termination 

is most commonly met with in the so-called chronic abscess of tuberculosis. 
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When a granulating wound is infected with pyogenic organisms, 
the superficial cells will be killed, the tissues liquefied and pus be 
formed on its surface, while the healing process will be consequently 
delayed. If the growth of the organisms be very abundant and extend 
into the underlying tissues, the same phenomena will occur as in the 
spread of an abscess, and the wound consequently become larger. This 
process is known as ulceration. 

4, Proliferative Inflammation—In many cases, when the injury to 
the tissue has been slight but long continued, or when, from any cause, 
it has led to a considerable formation of granulation-tissue, the inflam- 
matory process may end in the formation of a large amount of new 
fibrous tissue. Spindle cells develop around, and form the walls of, 
the capillary loops in the granulation-tissue (p. 160), and from these 
points gradually extend through the new tissue. White fibres seem to 
grow from the periphery of these cells, while the cells themselves shrink 
until little of them remains besides their nuclei. The new fibres also 
contract and many of the capillaries become obliterated. Under these 
circumstances, the inflammation is termed productive or proliferative. 

The formation of this tissue is, as a rule, preceded by the usual 
vascular changes (p. 153) and by a slight emigration of leucocytes ; 
and one of the most difficult problems in morbid histology has been, 
and still is, to discover how far the succeeding fibrous tissue is formed 
from the migrated leucocytes, and how far from the pre-existing 
connective-tissue corpuscles. 

Among many important experiments which have been devised to 
solve this doubt, those of Sherrington and Ballance may be quoted. 
These observers constructed chambers, formed of two slightly separated 
circular cover-glasses with their edges cemented except at one spot, 
so that nothing could enter the space between the two cover-glasses 
except by the one small aperture which remained. These glass cham- 
bers were, with strictly aseptic precautions, placed in the subcutaneous 
tissue of dogs and were removed at varying periods. In some cases, 
in less than twenty-four hours after the cover-glasses were placed in 
position, leucocytes had entered in considerable numbers and had dis- 
tributed themselves all over the enclosure. Only at the point of entry 
were there other cells—plasma-cells, or fibroblasts. These cells differed 
from the “ pioneer” leucocytes in that they were larger, more coarsely 
granular, and possessed a single clear oval nucleus. In no case were 
transitional forms seen. The original leucocytes were never observed 
to undergo any but degenerative changes. The fibroblasts, on the other 
hand, showed greater power of amoeboid movement and of enclosing 
corpuscles than: the original leucocytes. It seemed evident that the 
fibroblasts were the successors, but not the progeny, of the leucocytes 
found in the earliest stages of inflammation. Sherrington and Ballance 
considered that the fibroblasts were one of the normal constituents of 
connective tissue. Metschnikoff maintains that fixed connective-tissue 
cells, endothelial cells, and the large uninucleated hyaline variety of 
leucocytes have alike the power of giving origin to fibroblasts, and, 
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‘therefore, of developing into fibrous tissue. At the present time it is 
generally conceded that the fixed cells of the part—connective-tissue 
-corpuscles and endothelial cells—take the principal share in the forma- 
tion of cicatricial fibrous tissue, though it is possible that the large 
hyaline leucocytes (p. 171) also take some part in the process. In 
the tadpole, the formation of fibrous tissue from leucocytes has been 
observed. 

The new connective tissue is called inflammatory or scar-tissue, 
and is precisely similar to that formed during healing by granulation 
(p. 160). At first it is highly vascular, just as a recent scar is redder 
than the surrounding parts ; and the tendency to contract is also charac- 
teristic of this new fibrous tissue. As this proceeds the vessels dis- 
appear, and the scar, in the course of some weeks or months, becomes 
white as compared with the surrounding parts. This contraction of 
sear-tissue may produce the gravest deformities, as after severe burns ; 
or may, by pressure, cause atrophy of gland-cells and other parts, as 
in syphilitic cirrhosis of the liver. The contraction is most marked 
where the tissues are loose, as about the scrotum. It appears to be 
essential to the process of healing, for a callous ulcer of the leg will 
cease to heal if contraction of the new tissue be prevented by the infil- 
tration of the surrounding tissues and their adhesion to deeper parts. 
A sear, and especially a tight scar, is always liable to secondary changes, 
such as ulceration or overgrowth, and is a common seat of epithelioma. 
The tendency of scars is to disappear gradually. 

Granulation-tissue does not always develop directly into scar-tissue. 
If some source of continued irritation, such as tubercle bacilli, be pres- 
ent, or if the vascular supply be deficient, the process may be arrested 
or delayed, and degeneration follow. Deficient blood-supply may be 
due to insufficient development of vessels, diminution of their lumina 
(as occurs in gummata), or to pressure from too dense packing of the 
cells. It has been found that imperfect blood-supply is accompanied 
by the development of giant-cells; these are found in all chronic 
inflammations. A giant-cell system, such as is common in tuberculosis, 
consists of a giant-cell in the centre, surrounded by fibroblasts ; whilst 
outside these and intermingled with them is usually found a zone of 
leucocytes (Fig. 99). In gummata and lupus-nodules similar struct- 
ures are frequent. A section through the thickened synovial membrane 
in a ease of chronic arthritis often shows the following appearances : 
externally, we find ordinary granulation-tissue, with some developing 
sear-tissue ; passing toward the joint-cavity, we next find a layer of 
formative cells in which giant-cells become increasingly numerous, and 
even typical giant-cell systems may occur ; nearer the joint, yellow spots 
and patches of fatty degeneration become frequent; and the surface 
may be composed of granular débris in which cell-forms are no longer 
distinguishable. A thin puriform fluid may occupy the cavity ; it con- 
tains, however, very few pus-cells, but consists mainly of fatty granules 
—formed by degeneration of the superficial cells—suspended in an 
albuminous fluid. This is the change known as chronic swppuration 
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of a joint. Chronic abscesses may form elsewhere, especially in con- 
nection with bone—e.g., in caries of vertebre. When starting from 
bone, the puriform fluid, formed by the degeneration of the granula- 
tion-tissue, presses upon and distends the surrounding tissues and 


A tubercle from a case of tuberculosis of the liver. A multinucleated giant-cell occupies the 
centre. Around is an area of commencing caseation and, outside this, a zone consisting 
principally of fibroblasts, and, to a less extent, of leucocytes. The leucocytes are most 
numerous on the side where the caseation is most advanced. X 250. 


converts them into a bag, the wall of which yields a little pus. The 
proper development of granulation-tissue may also be interfered with 
by infection with pyogenic organisms, as already stated (p. 158). 


II. Explanation of the Phenomena.—We have now to seek the 
explanation of the various phenomena described under the four instances 
of the reaction of the tissues to injury. 

Dilatation of the bloodvessels with acceleration of the blood current may 
probably occur in two ways. (1) Irritation of a sensory nerve is well 
known to cause dilatation of the arterioles in its own area of distribution. 
The action of an irritant not sufficiently intense to paralyze the vessels 
at once will stimulate the sensory nerves and cause this reflex local dila- 
tation over a larger area than that mechanically damaged. The arterioles 
dilate, and, the blood-pressure being maintained, a larger quantity of 
blood is admitted to their capillaries, which cannot dilate proportion- 
ately. The blood-pressure in the capillary areas is, ceterus paribus, 
raised in proportion to the increase in the cross-section of the supplying 
arterioles. Under these circumstances, acceleration of stream will accom- 
pany dilatation of vessels. The walls of the latter, being uninjured, may 
contract after such dilatation. (2) Cohnheim found that dilatation of 
the vessels in the frog’s tongue followed irritation even after section of 
all the nerves, indeed of everything except the lingual arteries and veins. 
The dilatation may then be due to direct action of the irritant upon the 
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local vascular nervous system, which maintains a certain “tone” in the 
vessels even after section of the sympathetic. Dilatation of arteries 
diminishes the resistance to the flow of blood, injury of endothelium in- 
creases it. If the former is in excess of the latter, acceleration of the 
blood-flow will occur. The acceleration is not seen in a part severely 
injured, nor as the result of the slow action of croton oil on a part. 
The acceleration is most marked in the outlying parts of the inflamed 
area. 
Dilatation of the bloodvessels with retardation of the blood-current.— 
Retardation soon follows upon acceleration, though the driving force 
continues unaltered, and no contraction of vessels has occurred. 

That this retardation is not due to any change in the blood is abso- 
lutely certain, for (1) not only do the corpuscles behave in a perfectly 
normal manner just before they reach, and directly after they leave, the 
affected area ; but further (2), if the blood be replaced by milk or other 
fluid, before the inflammation is induced, precisely the same dilatation 
and retardation will occur. Almost the only conceivable cause of slow- 
ing is, therefore, increased local resistance, due to alterations in the vessel- 
wall. We know that in inflammation the endothelial cells swell, throw 
out processes and exhibit phagocytic powers. By the necessary molecular 
changes the cells may easily become more sticky, as well as present a 
rougher surface, and thus give rise to increased friction. The rapid 
passage of fluid out of the vessels may also assist in delaying the blood- 
stream. Our knowledge concerning the cause of dilatation and retarda- 
tion is still very imperfect. Both of these phenomena may depend in 
some measure on the chemical influence of the same substances that 
attract the leucocytes into the surrounding tissues (chemotawis, p. 172). 

Exudation of Fluid—To show this, Lassar tied a canula into a large 
lymphatic of each hind leg of a dog. He then stopped the circulation 
in one leg, and dipped this into hot water (130° F.), thereby exciting 
acute inflammation. On removing the obstruction the lymph-stream 
from the canula at once exceeded the normal, and soon reached eight 
times that on the sound side. At first the fluid was clear, but after a 
time increasing numbers of white corpuscles made it cloudy, and red 
corpuscles were also found in small numbers. Swelling of the foot 
began while the flow of lymph was free, evidently because the exuda- 
tion was too rapid to be conveyed away by the lymph-channels alone, 
even when fully dilated. Later in the experiment the flow diminished, 
partly because exudation diminished as pressure on the vessels (from 
effusion beneath the skin) rose, and partly from coagulation in, and con- 
sequent blocking of, lymphatics. The lymph collected differed from the 
exudation fluid in passive hyperemia in containing a much larger pro- 
portion of proteid, and in having a much greater tendency to coagulation. 
This latter property varies with the number of white corpuscles which it 
contains. The lymph in Lassar’s experiment differed from liquor san- 
guinis in containing less proteid and having a slighter tendency to coag- 
ulate. The composition of inflammatory effusion, however, is not constant. 
In the most acute inflammations it contains a large number of red cor- 
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puscles ; in less severe forms white corpuscles. are greatly in excess of 
xed. In the more acute inflammations the fluid approaches plasma in 
its composition and tendencies ; whilst in the less severe it becomes very 
like the fluid in passive hyperemia. It also varies according to the part 
from which it comes. A mild degree of peritoneal inflammation will 
produce an effusion containing a larger proportion of proteid than a far 
more severe inflammation limited to the leg (p. 196). Inflammatory ex- 
udation is generally coagulable. Absence of coagulation may depend on 
the action of some restraining substances such as albumoses, or on the 
solution of the fibrin by some ferment. 

The increased exudation is attributed to an increased permeability 

of the vessel-wall and, to a less extent, to 
Fra. 100. changes in the capillary pressure: the latter 
is a doubtful factor. 

The exudation in an internal organ gives 
rise to distention ; in the subcutaneous tissue, 
to edema (Fig. 100); on a mucous surface, 
to a sticky fluid containing mucin, or to a 
firm fibrinous layer on, and sometimes in, 
the lining membrane; on a serous surface, 
Inflammatory edema of skin. toa thin serous fluid, a fibrinous deposit, or 

The large spaces shown were. a purulent accumulation. 

waotiauay tit Het The result of the exudation is to flush the 

' part, thereby diluting and often distributing 
the irritant—the first a beneficent, the second a baneful, effect. The 
exudation has also an antagonistic chemical effect on acters due 
largely to the products of the disintegrated leucocytes which it con- 
tains. 

Emigration of Corpuscles—It has already been pointed out that the 
escape of red corpuscles is a purely passive process, and ‘is practically 
of the same nature as an ordinary hemorrhage. With regard to the 
leucocytes, the process is more complicated, and it is necessary to dis- 
tinguish between the parts played by the different kinds. There are 


Fig. 101. 


Leucocytes from normal blood. a, lymphocyte; b, hyaline leucocyte; c, coarsely granular leu- 
cocyte; d, finely granular leucocyte. (See Leucocythemia.) 


many classifications of leucocytes: that proposed by Kanthack and 
Hardy is a convenient one, and will be adopted here. According to 
these observers, the colorless corpuscles may be divided into the six 
following varieties. 

(1) Lymphocytes.—These are small immature leucocytes formed in 
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the lymphatic glands. They consist mainly of a nucleus with a small 
encircling mass of protoplasm ; they do not possess amceboid movements, 
and are not phagocytic (p. 172). They form about thirty per cent. of 
the total number of leucocytes. : 

(2) Hyaline Leucocytes.—These are large uninucleated cells with clear 
protoplasm. In the lower animals they are frequently met with in the 
ceelomic fluid; they possess amceboid movements and are phagocytic. 
In the blood they rarely form more than 2 per cent. of the total 
number. 
~ (3) Coarsely Granular Oxyphile Leucocytes.—These are the eosinophile 
cells of Ehrlich. They have a large nucleus—often kidney-shaped or 
horseshoe-shaped. The protoplasm is highly refractive, and contains 
coarse granules staining with eosin and other acid* aniline dyes. They 
possess amceboid movements, but are not phagocytic. They are almost 
as rare in the blood as the hyaline cells, seldom exceeding 4 per cent. 
They are generally the first cells to appear in an inflamed area, and are 
probably identical with the wandering cells normally present in connec- 
tive tissue. 

(4) Finely Granular Oxyphile Leucocytes.—These are the neutrophile 
cells of Ehrlich, and are generally known as the multinucleated leucocytes, 
although the nucleus is really a single body consisting of three lobes or 
branches. The protoplasm is finely granular. The cells are amoeboid 
and phagocytic. They generally form between 50 and 60 per cent. of 
the leucocytes in the blood. Pus-cells consist almost wholly of these 
leucocytes. 

(5) Coarsely Granular Basiphile Leucocytes (Mast-cells).—These cor- 
respond in their appearance, habitat, and non-phagocytic properties with 
the third variety, differing only in their staining affinity and larger size. 

(6) Finely Granular Basiphile Leucocytes.—These correspond in the 
same way with the fourth variety but are somewhat smaller. ‘They 
form less than 5 per cent. of the total number of leucocytes. 

The power of amceboid movement ordinarily possessed by leucocytes 
is sufficient to enable them to leave the blood-stream and to find their 
way into the tissues in inflammation. That the process of emigration 
is not a passive one is shown by the facts (1) that these corpuscles pass 
out long before any others ; (2) that their amceboid movements may be 
observed both before and after they leave the vessels ; (3) that lymph- 

_ocytes, which do not possess ameeboid movements, are not found among 
the emigrated cells; and (4) that, although absolute cessation of the 
circulation generally causes arrest of diapedesis, in some cases (tadpole) 
this is not so. 

We have, however, still to inquire (1) why leucocytes collect in the 
vessels of an inflamed area ; (2) why they tend specially to pass out at 
that place ; and (3) what is the result of their emigration, 

(1) It has been proved experimentally that, if the velocity of the 


* By an acid dye is meant a salt in which the staining property is due to the acid 
radicle. and, conversely, by a basic dye, a salt in which the dye is associated with the 
base. ~ 
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circulation be gradually reduced, the leucocytes and the blood-platelets 
are the first constituents of the axial stream which tend to fall into the 
periaxial. It is uncertain why this occurs. That it is not due to the 
low specific gravity of the leucocytes seems clear ; for if their specific 
gravity be artificially increased, by the ingestion of particles of ver- 
milion, the tendency to margination is in no way affected. Once in the 
periaxial stream, itself moving at a slower rate than the axial, the leu- 
cocytes, rolling along the side of the presumably roughened wall of the 
vessel, will naturally tend to lag behind and to get in the way of those 
most recently brought by, and deposited from, the axial stream. Prob- 
ably the principal force causing their detention in the periaxial stream 
is the same as that which attracts them through the walls of the contain- 
ing vessels. 

(2) It is well known that the mere presence of particles of metallic 
copper in the tissues of a part (anterior chambers of the eye) will cause 
leucocytes to collect in the neighboring vessels, to pass through the 
vessel-walls, and to approach the seat of the metallic particles. This 
attractive power is known as chemotaxis. It seems to be possessed by 
the diffusible substances produced by most pathogenic bacteria during 
their growth in the tissues. ‘ 

There are two groups of experiments which are capable of explana- 
tion on this hypothesis. In the first, various organisms and chemical 
substances have been introduced into the tissues—generally in glass 
tubes, subsequently broken in situ. As a result, various degrees of 
inflammation and consequent diapedesis have occurred, certain organ- 
isms leading to the aggregation of special kinds of leucocytes. In some 
instances the subsequent introduction of some other substance has, by 
its repellent action, arrested the emigration already in progress (negative 
chemotaxis). Thus Metschnikoff has shown that if a frog’s mesentery 
be moistened with a solution of quinine no diapedesis will occur, though, 
from their subsequent behavior, it can be shown that the leucocytes are 
not paralyzed. By the second group of experiments it has been shown 
that, if substances possessing a positive chemotactic influence be intro- 
duced into the circulation and subsequently into the tissues, their usual 
effect will by this means be neutralized and no emigration result. It 
seems to follow, therefore, that the aggregation and emigration of leu- 
cocytes at an inflamed spot are due to the attractive influences of certain 
substances existing in greatest quantity in the part to which the cor- 
puscles make their way ; while the vascular changes, including the dila- 
tation of the vessels, the lowered rate of the blood-stream, the margination 
of the leucocytes, and the changes in the vascular endothelium, are 
mainly due to the action of the same substances and are valuable acces- 
sories in the process of diapedesis. 

(3) Attention has already been directed to the observation that the 
coarsely granular uninucleated eosinophile leucocytes are the first to 
appear in a suppurating area. Though these have no power of phago- 
cytosis, they have been observed to apply themselves to bacteria and to 
discharge their eosinophile granules, while the bacteria, thus brought 
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into contact with them, degenerate. It has, therefore, been inferred that 
these leucocytes have some secretory properties. In the process just 
described some of the leucocytes are destroyed, and it is, therefore, also 
possible that the products of their disintegration may possess bactericidal 
properties. This is confirmed by the observations (1) that leucocytes 
contain a nuclein which is known to be a bactericidal substance, and (2) 
that inflammatory exudations are, in general terms, bactericidal in pro- 
portion to the number of leucocytes they contain. 

While it seems tolerably certain that the leucocytes, by their secretion 
and by the products of their disintegration, exert an inimical action on 
at least some forms of bacteria, it is still more unquestionable that this 
is not the only defensive power possessed by leucocytes. It has long 
been shown that foreign substances entering amcebe may be in some 
cases digested by them, and in others may lead to their death. It has 
been shown by many recent observers, but especially by Metschnikoff, 
that the hyaline and multinucleated leucocytes also possess the same 
power of taking into their interior living bacteria and of thus destroy- 
ing them (phagocytosis). The greater the virulence of the bacteria the 
less marked is this power of the leucocytes, and the less rapidly is it 
exercised. Moreover, the power of reaction on the part of the leuco- 
cytes is subject to variation, for cultures of similar virulence do not pro- 
duce the same results in all individuals belonging to the same species. 
In this way the multinucleated and hyaline leucocytes are enabled to 
combat and destroy living bacteria, as well as to remove dead and 
degenerating products of cell-action. 

If the leucocytes are not attracted to the seat of the bacteria, neither 
their chemical nor phagocytic action will come into play ; and, unless 
some germicidal influence is exerted by the tissues, the bacteria will 
multiply and become disseminated, giving rise to generalized disease. 

Clinical Signs of Simple Inflammation These are, redness, heat, 
swelling, pain, tenderness, and impaired function. 

Redness and heat may be considered together, as they both depend 
upon the quantity of blood passing through the part in a unit of time. 
As a rule, this quantity of blood is increased, the excess being most 
marked in the early stage of the process, when the part is bright-red 
and hot. While most of its vessels are dilated, the velocity of the 
blood-stream through them is not appreciably delayed ; but as retarda- 
tion supervenes, the quantity of blood passing through the part is 
diminished. Cohnheim excited inflammation in one foot of a dog, and 
then measured the blood returning through both femoral veins. At 
first the delivery from the injured side was excessive, sometimes more 
than twice the normal ; but when diffuse suppuration or sloughing was 
induced, and the circulation in a large area consequently delayed, the 
delivery became markedly less than normal. Such a part is colder 
than normal, and bluish if its vessels are dilated and full, but mottled or 
pale if they are compressed by exudation. In most inflammations the 
increased circulation in the outlying vessels is more than sufficient to 
compensate for the retardation and stasis in the most injured parts ; 
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consequently, the delivery from the veins remains excessive throughout, 
and the part is red and hot. Both redness and heat. may be concealed 
if normal tissues cover the inflamed part. The skin of an inflamed foot. 
may appear to be several degrees hotter than that of its fellow, but its. 
temperature will never equal that in the rectum. An inflamed pleura 
is never any hotter than its fellow, and may be colder. The local rise 
of surface-temperature is due merely to more rapid circulation of 
arterial blood ; excess of heat is not produced in the part. 

Swelling, beyond the most trivial, which may be due to dilated 
vessels, is the result of evudation of fluid and corpuscles. It may be 
entirely owing to fluid, as in hydrocele ; or entirely owing to small 
round cells, the fluid having been absorbed, as in orchitis. It varies in 
amount with the distensibility of the part, being most marked in such 
tissues as the scrotum and eyelids, and least marked in bone. When 
due to fluid (inflammatory edema) the affected part “ pits” on pressure, 
unless it is very tensely stretched. Swelling from cell-infiltration is 
firm, does not pit, and is sometimes called solid adema. In cases of 
slight inflammation, in which the lymphatics suffice to carry away the 
increased exudation, there may be no perceptible swelling. 

Pain and tenderness are due to pressure of the exudation on nerve- 
endings, perhaps also to chemical writation of them. They vary directiy 
with the sensitiveness and the tension of the part, as well as with the 
rapidity of the effusion into it, as is seen in acute suppuration in a digital 
tendon-sheath. Pain is often throbbing from the increase of tension 
produced by each heart-stroke. The influence of increase of pressure in 
producing pain is well shown by allowing an inflamed part to hang down. 

Impaired function is due to the fact that every inflamed tissue is 
injured. It is proportional to the damage of the essential cells of the 
affected part. 

Fibrosis—Reference must be made at this place to the origin 
of the fibrous overgrowth which is frequently met with in many organs 
of the body. 

It was formerly assumed that all such fibrous tissue was inflammatory 
in origin—the result of long-continued slight irritation—and that the 
atrophy of the gland, muscle, and nerve-cells, respectively associated 
with it, was due to the contraction of the cicatricial tissue thus formed. 
But in the case of the nervous system there are strong reasons for be- 
lieving that the atrophy of the nerve-elements precedes the development 
of the fibrous tissue, and is due either to defects in the blood-supply, or 
to the direct action of such poisons as syphilis and alcohol. That the 
fibrous growth is not inflammatory in its origin is clear from the facts, 
(1) that it is exactly limited to the definite nerve-tracts and shows no 
tendency to spread beyond them, or to follow the distribution of the 
blood or lymph vessels ; (2) that it is extremely gradual in its growth ; 
and (3) that it follows the experimental destruction of the higher parts 
of the central nervous system. The fibrous overgrowth in such cases 
is probably due to the increased vascular supply available for the 
skeletal tissue after atrophy of the nerve-clements; but to some extent 
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it is more apparent than real, and due to the increased concentration 
and visibility of the pre-existing connective tissue, which necessarily’ 
follows the shrinking of the atrophied parts. 

On the other hand, many forms of fibrosis are clearly inflammatory. 
Thus the cicatricial tissue succeeding granulation-tissue in wounds, 
enclosing parasites and infarcts, or occurring in gummata and tubercular 
lesions, forms the final stage of inflammatory processes. 

The position of the fibrosis occurring in the liver (cirrhosis) and the 
kidney (granular contracted) is still disputed, and will be referred to 
when these diseases are described. Adami considers that non-inflam- 
matory fibroses are due to the effect on pre-existing fibrous tissue of 
(1) increased arterial supply, (2) venous congestion, and (3) lymphatic 
obstruction. 


III. Varieties of Inflammation.—It has been shown that necrosis 
and degeneration form the earliest changes in the tissues, and that repair 
and regeneration, always more marked in the connective and least organ- 
ized tissues, form the final stage. Between these, in point of time, when 
vascular tissues are involved, are the series of changes in the vessels 
and surrounding tissues involving various disorders in the circulation, 
but especially a marked emigration of leucocytes and still more marked 
exudation of fluid. These various phenomena—damage, exudation, re- 
pair—do not exist in the same proportion in every instance of inflam- 
mation. Sometimes the necrosis and degeneration are very marked, while 
the vascular changes and the subsequent repair are comparatively slight. 
In other cases, particularly when surfaces of tissue are affected, the ex- 
udation of fluid and the escape of leucocytes are the principal changes. 
In other examples, especially where the connective tissues are involved, 
the proliferation of existing tissues is more marked than the degenerative 
or the vascular phenomena. For these reasons Leber has suggested a 
useful classification of inflammation into three varieties : (1) degenera- 
tive, as in acute parenchymatous nephritis ; (2) exudative or infiltrative, 
of which suppuration is the best example, but which also includes 
catarrhal, croupous, diphtheritic, serous, fibrinous and all acute forms of 
“ surface” inflammations ; and (3) proliferative, of which verrucose en- 
docarditis may be, according to Leber, taken as the type. 

When in the sections on special organs the various instances of in- 
flammation are considered, the value of this classification will be apparent. 
Tn the meantime it is unwise to draw overmuch distinction between these 
different varieties, as, while they are founded upon the different phenom- 
ena which are known to occur, it does not follow that in every case our 
present judgment of the relative prominence of the different changes 
is accurate and final. For the further consideration of the varieties of 
exudative and infiltrative inflammations, reference should be made to 
the chapter on diseases of mucous and serous membranes. 


IV. Etiology of Inflammation.—As in the case of other morbid 
conditions, there are two factors in the inflammatory process, (1) the 
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irritant and (2) the tissues upon which it acts. The causes of inflam- 
mation are, therefore, divisible into exciting and predisposing. Some-_ 
times the exciting cause is so powerful that no predisposition is necessary ; 
but not infrequently the exciting cause only gives rise to inflammation 
when the resisting power of the tissues to the irritant in question has 
been lowered. This impairment of resisting power is the work of the 
predisposing causes, and it may be either inherited or acquired (p. 18). 
It is obvious that, in cases where predisposition is necessary, the condi- 
tion of the tissues is as essential to the production of an inflammation as 
is the presence of the exciting cause itself: the seed and the suitable soil 
are alike necessary to produce the plant. 

With regard to the nature of the exciting cause or irritant, it is 
always some chemical, mechanical, or other physical agency. Simple 
deprivation of blood-supply, leading to the formation of injurious prod- 
ucts of disordered metabolism in the surrounding tissues, is enough. If 
the exciting causes be of sufficient strength and be continued for a suf- 
ficient time, they cause actual necrosis of the part; and inflammation 
is limited to a narrow margin of the living tissue at its line of contact 
with the dead. 

Difficult as it is to discover the cause of many inflammations, we 
should bear in mind the very obvious fact that no inflammation ever 
arises without a cause, simple or complex. A spreading inflammation is 
due to a spreading cause ; and a persistent inflammation (chronic) implies 
the persistent action of its cause. 

1. Simple or Traumatic Causes.——These include any very evident 
injurious agencies, such as mechanical violence, caustic and irritating 
chemicals, excessive heat or cold, electricity strong enough to produce 
electrolysis of the fluids of the part, and prolonged local anemia with 
consequent privation of nutriment. It is characteristic of inflammation 
from these causes alone, that it has no tendency to spread beyond the part 
originally injured nor to pass on to more advanced stages after the causes 
have ceased to act. It is well known how slight are the inflammatory 
changes induced by very severe subcutaneous injuries, even though bones 
be broken and the capsules of joints torn; and how limited is the in- 
flammation when similar injuries, communicating with the atmosphere (e. g., 
compound fractures) are treated in such a way (antiseptically) as to ex- 
clude all infective causes. In animals the effects of each of these irri- 
tants can be accurately studied. Hiiter injected a 5-per-cent. solution 
of nitrate of silver, or a similar solution of chloride of zinc, into the 
muscles and other tissues of animals, and thus killed the part acted on. 
In a large number of the cases the inflammation was practically limited 
to the zone immediately surrounding the dead tissue. Other experiments 
were made by plunging a cautery into a muscle (Hallbauer) and bringing 
the previously divided skin together over the injured part, antiseptics 
being used. Only such changes occurred round the eschar as take place 
in the absorption of a simple infarct and its replacement by fibrous tissue. 
Here, then, we have examples of the most severe mechanical, chemical, 
and physical injuries killing considerable masses of tissue. In each 
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case the action of the irritant, though intense, is localized and of short 
duration. Certain parts are killed absolutely, and inflammation is lim- 
ited to a narrow area surrounding these. So soon as the irritant has 
ceased acting, the tissues tend of themselves to recover ; hence inflam- 
mation excited by such causes as the above reaches its height very soon 
after the introduction of the irritant, and soon subsides unless some fresh 
irritant is superadded. This is frequently seen after the infliction and 
proper treatment of a clean-cut wound by a sharp knife (p. 157). A 
chemical irritant may enter the body at a distance from the part at 
which its chief action takes place: thus alcohol taken by the mouth is 
concerned in the production of cirrhosis of the liver ; and turpentine or 
cantharides may in the same way cause inflammation of the kidneys. 

In this group come inflammations which are referred to cold and 
wet—“ rheumatic” and “reflex” inflammations. When a man gets 
conjunctivitis from the action of a draught upon his eye, the relation 
between cause and effect is easily comprehensible ; but, except on the 
hypothesis of greater delicacy of nerve-tissue, it is not quite so easy to 
understand why inflammation. of the facial nerve should ensue from 
exposure to cold, whilst a great thickness of superficial tissue seems 
uninjured. But this difficulty becomes much greater when internal 
organs (lungs, kidneys) become inflamed, apparently in consequence 
of cold acting upon the surface, or of wet feet. In these cases any 
effeet produced by cold may generally be regarded as predisposing. 
We know that surface-cold drives the blood to internal organs and 
raises the blood-pressure. Can this produce inflammation? Lassar 
plunged rabbits, shorn of fur, into iced water and thoroughly chilled 
them ; he found changes in all the organs, especially the lungs and liver. 
In these the vessels were often greatly dilated, the arteries thrombosed, 
and the veins surrounded by patches of round cells. When the animals 
were pregnant, the same changes were noted in fcetal organs. He 
believed the changes to be due to the irritant action of cooled blood 
upon the vessels of internal parts. Perhaps something of the same 
kind may occur in man, as the result of a chill, although a locus minoris 
resistentice or the presence of organisms must be assumed to explain 
why the kidney in one case, and the lung in another, is affected. F're- 
quent exposure to cold might then be regarded as a cause of chronic 
nephritis ; for the temporary albuminuria induced in some people by a 
cold bath shows that in them the kidneys may be easily damaged. 

It is held by some that excessive functional activity is a direct cause 
of inflammation—conjunctivitis from overwork being the usual 
example. 

Nervous influence, called into action by irritative lesions of nerve- 
trunks, is sometimes regarded as a direct cause ; herpes zoster being 
the favorite instance out of many which might be quoted as more or 
less probable examples. The data are not yet sufficient to decide the 
question. 

2. Infective Causes—In a very large number of the inflammations 
met with in practice there has been no obvious mechanical, chemical, 
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or physical injury. In the chapter on vegetable parasites, evidence will 
be given to show that some of these inflammations are due to the action 
of fungi. The growth of these organisms in the tissues gives rise to 
mechanical and chemical irritants, producing inflammation in the same 
way as do the agents which have been mentioned as causes of simple 
inflammation. But, as long as the fungi grow in the body, a continuous 
supply of the products of their life-action is kept up. These products, 
continuously spreading through the tissue, will accordingly give rise to 
a spreading inflammation. The products of different fungi vary enor- 
mously in their power of injuring the tissues—some producing actual 
necrosis, others, varied degrees of inflammation. If the irritant is 
tolerably intense, some variety of fibrinous inflammation is induced, 
just as by chloride of zine; when a strong irritant produces a proteo- 
lytic ferment, suppuration results. If the irritant is less intense, the 
early stages of proliferative inflammation result, as in tubercle and 
leprosy. The characteristic lesion of these and some other diseases is a 
tumor-like inflammatory nodule developed round a spot at which para- 
sites have lodged, and whence they may spread and infect neighboring 
and distant parts. Diseases characterized by these lesions are, there- 
fore, often spoken of collectively as the infective granulomata, a name 
signifying infective, tumor-like formations of granulation-tissue. 

It would, however, be a great error to suppose that the presence of 
organisms capable of producing irritant products is invariably sufficient 
to cause inflammation. We have already pointed out that the resistance 
of the tissues must always be taken into account ; moreover, the rdle of 
organisms in the production of inflammation will be influenced by their 
detention in the tissues, by any local or predisposition in the tissues, by 
the anatomical characters of the part and other considerations. These 
subjects are discussed in Chapter DX. 

Etiology of Swppuration.—In clinical medicine and surgery suppu- 
ration is invariably due to the action of bacteria (p. 163), but there is 
reason to believe that suppuration is possible in experimental pathology 
without the action of organisms. If glass capsules, containing croton- 
oil or turpentine, are placed aseptically in the subcutaneous tissue, and 
the capsules broken when the wound is soundly healed, suppuration 
results, and no organisms are found in the pus (Cheyne, Councilman). 
Grawitz and Scheuerlen have produced acute aseptic (free from organ- 
isms) suppuration by the injection of cadaverine and putrescine—alka- 
loids, separated by Brieger from putrid flesh. These substances are not 
only irritants, but also possess proteolytic (peptonizing) powers. 


Modes of Spread of Inflammation —An inflammation which is 
characterized by a tendency to spread will always be found to be of 
parasitic origin, Clinically, inflammations spread by continuity of tis- 
sue, by the lymphatics, or by the blood-path. Miero-organisms, having 
settled at a spot, can spread thence, very much as is the case with 
malignant growths. (1) They may push their way along the paths 
of least resistance as they grow, or be carried for short distances by 
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the exudation from the vessels, by the ordinary lymph-streams or by 
leucocytes which have taken them up—spread of the inflammation 
by “continuity of tissue” resulting in each case (Fig. 102). (2) They 


Wre, 102: 


Small portion of a muscle near shoulder, from a case of sarcoma of the head of the humerus, 
showing passage of small round cells (probably sarcomatous) along the “lines of least 
resistance,” as in diffuse inflammation. Where the cells are thickest the muscle-fibres are 
obscured or have disappeared. (Boyd.) 


may be carried by the lymph-stream long distances from the primary 
focus. Conveyed in this way, they are usually arrested in the first 
lymphatic gland they reach. Here they often excite a secondary inflam- 
mation without having caused any trace of inflammation between the 
primary focus and the gland—the organisms passing easily through 
the lymphatic vessels, but becoming arrested in the sinuous channels 
of the gland, precisely like the particles of pigment which may be 
found, upon microscopic examination of a gland, on the “central ” side 
of any extravasation of blood. (3) The organisms may enter the 
bloodvessels and be carried about by the blood-stream until arrested, 
when, under favorable conditions, they will multiply and give rise to 
a secondary (metastatic) inflammation, such as we get in pyemia in 
almost all organs or parts, and in mumps when the testis or ovary 
becomes inflamed. 


Modes of Arrest of Inflammation.—The cessation of inflamma- 
tion excited by one of the simple causes is brought about by removal or 
encapsulation of the cause. (1) As soon as the causes are removed, the 
cells of the damaged tissues begin to exert their inherent tendency to recover 
from injury (p. 20). Dead and dying cells are, in most cases, removed 
by leucocytes, and washed on by the exudation from the vessels ; later 
on, their places are taken by new cells springing from the normal 
tissue-elements. (2) When the irritant cannot be removed, as in the 
case of some foreign bodies and animal parasites, it may become 
enclosed by a firm envelope of cicatricial fibrous tissue and its effects 
thus neutralized. This process is known as encapsulation, 
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When once bacteria have gained a foothold in the tissues and have 
begun to multiply and spread, the process is obviously more difficult 
to check. Clinically, inflammations spread rapidly and widely, and yet, 
even after causing gangrene of a large part of a limb, may become 
ultimately arrested. All the time there is a struggle for existence 
going on between the cells and fluids of the body on the one hand and 
the invading parasites on the other. The victory may lie with either, 
being won, sometimes easily, sometimes after a struggle of which the 
issue is for a long time doubtful (p. 172). 


REPAIR OF SPECIAL TISSUES. 


The power which most tissues possess of repairing losses of sub- 
stance has been alluded to. We must now briefly state how such losses 
are repaired. 

There are certain general statements that may be affirmed of the 
process of regeneration. 

(1) A tissue can only be regenerated by the growth of a tissue of 
the same kind. It is well known that the cells of one embryonic layer 
never produce tissues other than those which normally develop from 
this layer; and it is also true that regeneration of a tissue occurs only 
from cells of that tissue—e.g., muscle from muscle, epithelium from 
epithelium. The only exception to this is that any kind of connective 
tissue may be formed from any other kind. 

The regenerative processes which ordinarily go on in adult meso- 
blastic tissues are still imperfectly known. Their reproductive energy 
has been supposed to be limited to molecular repair. Nevertheless, it 
is certain that the cells of most adult tissues retain the power of 
multiplication, That this is not manifest under normal conditions 
is possibly because the blood-supply received by the tissues is only 
sufficient to maintain the status quo, while the resistances opposing 
growth, such as pressure within tissue, are equal to the force with 
which they tend to multiply. If, however, the intercellular pressure 
be lessened by wound or by destruction, absorption of the damaged 
elements and multiplication of the cells round about will begin. Such 
injuries usually increase the blood-supply. 

(2) The tendency of a tissue to regenerate varies with (i) the age of 
the tissue, all tissues being more easily regenerated in foetal and early 
life than later on ; (ii) with the blood-supply (p. 150); and (iii) with the 
kind of tissue, the more highly specialized the tissue the less readily does 
regeneration take place. Complex tissues are often temporarily repaired 
by an overgrowth of their connective-tissue stroma. 

The multiplication of cells in repair, as in normal development, gen- 
erally takes place by the division of one cell into two, accompanied by 
certain peculiar appearances in the nucleus, known as karyokinesis or 
mitosis. The process in no way differs from that described in normal 
histology. 

On rare occasions mitotic division of the nucleus into three or more 
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segments may take place, or direct division of the nucleus and cell occur 
without the nuclear changes just described (amitotic division). In other 
cases, so-called fragmentation of the nucleus may occur in which the 
nucleus alone subdivides with or without any increase in the chromatin. 
This is one possible method by which giant-cells may be formed, though 
by no means a common one. 


Connective Tissue and Bloodvessels. 


Connective tissue, including vessels, may be derived (1) from the 
fixed connective-tissue cells, (2) from the wandering uninucleated 
plasma cells ; and (3) from the endothelial cells of the vessels. 

The repair of connective tissue has, however, already been discussed 
(p. 166): it is here only necessary to describe the formation of blood- 
vessels in detail. In post-embryonice life capillaries develop by budding. 


Fie. 103. 


Regeneration of capillary bloodvessels. a, normal capillaries; b, capillary process; c, new 
capillary appearing in divided process; d, process undergoing division; e, connecting- 
cell in which no sign of division has yet appeared. (Diagrammatic.) 


By the end of the second day after the infliction of a wound, solid, 
pointed processes begin to project from some of the cells forming the 
walls of the capillaries: they increase in length and join similar pro- 
cesses from other capillaries, or, occasionally, processes of branched 


connective-tissue corpuscles. The processes are at first very fine but 


gradually widen, especially at the place where they join the fully formed 
vessels. Nuclei appear in these processes and then divide, complete cell- 
division following a little later. The lines of union of the individual 
endothelial cells, as shown by nitrate of silver, appear subsequently. 
In the mean time, channels are formed as the cells divide. These chan- 
nels open into the original capillaries, and thus the blood-cayvity becomes 
extended. 

The new vessels increase in size with the demands made upon them. 
According to Thoma, the inerease in the size of the vessels is in propor- 
tion tc the rapidity of the blood-flow through them ; while the thickness 
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of the vessel-wall depends upon the tension of the wall—that is, upon 
the diameter of the lumen and upon the blood-pressure. 

Muscular and fibrous coats are developed by direct extension from 
similar cells on the original vessels. 


Epithelium. 


Epithelium is always derived from pre-existing-epithelium by mitotic 
division of the cells (Fig. 90). This is shown by the fact that it always 
spreads in from the edge of an ulcer, unless islets of the rete have been 
left undestroyed in the midst of the granulation-tissue, or unless acci- 
dental transplantation has occurred. 

The epithelium of the skin and mucous membranes is readily destroyed 
and replaced throughout life, sometimes very rapidly, as in catarrhs of 
mucous membranes. 

Glandular epitheliwm regenerates less readily. If all the cells in an 
acinus or in a tubule be destroyed, there is no reproduction of the epi- 
thelium therein. A wound of a gland, with or without loss of substance, 
heals by sear-tissue, which is permanent. Regeneration of liver-cells is 
known to take place in the dog, cat, and rabbit. Mitosis has also been 
observed in the renal epithelium of man. The regeneration of epithelium 
furnishes many illustrations of the rule that, the more highly specialized 
the function of a tissue, the less likely is that tissue to be capable of 
regeneration. 

Regeneration of nails and hair is frequent. 


Muscle. 


A wound in a voluntary muscle is temporarily repaired by fibrous 
tissue. As a rule, such a wound gapes widely and heals by granula- 
tion; but im some parts—e. g., the tongue—retraction is prevented, and 
then union by first intention occurs readily. 

When a muscle is incised, the protoplasm escapes through the 
opened sarcolemma, and leucocytes penetrate for some distance between 
the fibres. Granulation-tissue followed by ordinary scar-tissue is 
formed from the endomysium, and unites the ends of the muscle. New 
muscle-cells may then be produced by mitotic division of those on each 
side of the scar, and, later on, these may invade and eventually replace 
the cicatricial tissue. According to some observers, the surviving 
nuclei of the damaged fibres are sometimes able to multiply and form 
new fibres. In some cases, no regeneration of the muscle-cells occurs, 
and it is very rarely complete. 

Degenerated fibres may be similarly replaced. This is seen in acute 
febrile diseases, especially typhoid fever. 

Involuntary muscle-cells also multiply by division. 


Cartilage. 


A wound or breach in cartilage is generally repaired in the first 
instance by scar-tissue. This may be replaced later by hyaline carti- 
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lage formed from the perichondrium, and by proliferation of neighbor- 
ing cartilage-cells. The matrix is formed, according to Strasser, from 
the protoplasm of the cells. Often the replacement of the scar-tissue 
by cartilage does not occur. In cases of fractured rib-cartilage the 
fibrous tissue may ossify into a clasp of bone round the broken ends. 


Bone. 


When a bone is broken, it generally happens that the encircling 
periosteum is partly, or completely, torn across, as well as separated 
from the broken ends for some distance above and below the fracture. 
The damage to the surrounding tissues is liable to greater variation. 
In any case, many bloodvessels will be ruptured, while the interval 
between the ends of the bone will be filled, and the rent in the soft 
tissues distended, by the resulting hemorrhage, which is finally arrested 
by the pressure of the extravasation and by the occurrence of throm- 
bosis, as in healing by first intention (p. 157). If bacterial infection 
be prevented and the parts kept at rest, reparative changes commence 
in a few hours. The vessels undergo the usual changes characteristic 
of simple inflam:mation (p. 153), and large numbers of leucocytes infil- 
trate the damaged tissue and invade the blood-clot. The exact inter- 
vals between the appearance of the different changes, which next follow, 
vary with the size of the bone and the extent of the damage. 

In general terms, the damage outside the periosteum is repaired 
by granulation-tissue and regeneration, as in the case of any aseptic 
wound ; while, inside the periosteum, new tissue of a somewhat similar 
type is developed, mainly from the periosteum itself, forming a spindle- 
shaped swelling in which the broken ends of the bone are imbedded 
(Fig. 104). This tissue also grows between and connects these ends, 
forming the basis of the final repair. To a less extent, similar tissue 
is formed in the medulla. The new tissue thus formed round the bone 
and in the medulla is known as the provisional callus. 

In the case of a bone like the fibula (Fig. 104), the cells of the 
separated periosteum and of the medulla begin to proliferate two or 
three days after the injury. By the latter half of the first week the 
innermost (osteoblastic) layer of the periosteum has produced a large 
amount of new tissue consisting of broad spindle-shaped cells, plenti- 
fully supplied with bloodyessels derived from the proliferating endo- 
thelium of those in the neighborhood. 

Trabecule of osteoid tissue, and occasionally of cartilage, next 
appear in the new tissue in immediate contact with the stripped bone, 
and gradually spread until they oceupy the whole space between the 
separated periosteum and the bone. By the end of the second week 
the extravasated blood and emigrated leucocytes have disappeared and 
the space between the fractured ends is bridged by osteoid trabeculae 
with osteoblasts, fragments of cartilage, and strands of connective tissue. 
The osteoid trabecule, cartilage, and connective tissue are gradually 
transiormed into bone, while the remnants of vascular granulation- 
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tissue lying between the osseous trabecule come to resemble ordinary 
bone-marrow. The growth of the trabecule is more extensive between 


Fig. 104. 


. 
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Longitudinal section through a fracture of the fibula--fourteen days old. (From aman aged 
25; preparation hardened in Muller's fluid, decalcified with picrie acid, stained with hema- 
toxylin and carmine, and mounted in Canada balsam. a, compact tissue of the fibula; b, 
small splinters; ¢, fatty marrow; d, d’, periosteal osteophytes; e, e, trabecule of osteoblasts 
and osteoid tissue; f, newly-formed cartilage; g, myelogenous osseous trabecule ; h, mye- 
logenous trabeculz of osteoblasts and osteoid tissue; 7, connective tissue covering the frac- 
tured ends; &, osteoblasts; lJ, external fibrous layer of the periosteum. X 6. (Ziegler.) 


the periosteum and the bone than it is in the medulla. In the mean- 
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time the dead tissues including the sharp and jagged ends of the bones 
have been absorbed (p. 33). 

The new tissue which actually connects the broken ends, is derived 
from the vascular, spindle-celled tissue developed from the periosteum : 
it is the last of the permanent tissue to appear and the last to undergo 
final and complete ossification (permanent or definitive callus). 

The first sign of involution is the removal of the jagged ends 
already referred to, and the absorption of any detached fragments of 
bone that may have died. When the ends of the bone are thoroughly 
united by firm ‘compact tissue resorption of the callus begins. This 
generally commences in the third month after the injury. The more 
accurate the apposition of the ends, and the more correct the general 
position, the more complete will be the disappearance of the callus. 
So completely may it disappear that in a few months or years it may 
be extremely difficult to localize the exact position of an old fracture. 

Nerve cells and tissues——These will be referred to in the chapter on 
Diseases of the Nervous System (see Index). 


Transplantation of Tissues. 


Even before John Hunter’s success in transplanting a cock’s spur 
into its comb, it was believed that pieces of the body, like the tip of 
the nose or finger, might reunite if fixed in position soon after com- 
plete separation from the body ; but accurate knowledge on this subject 
has been acquired only since Reverdin’s discovery of “ skin-grafting.” 

The tissues, as is well known, may survive systemic death for a 
short time. Portions of almost all tissues may be removed from one 
part or animal and successfully transplanted to another part or animal, 
if the conditions are suitable. These are: transference of the portion 
of tissue with sufficient gentleness and quickness to ensure that it is 
alive when transferred ; close contact with the raw surface prepared for 
it ; maintenance of its temperature ; and the avoidance of all bacterial 
contamination. The piece of tissue will, under these circumstances, 
become united by first intention to its bed, and will be nourished by 
lymph transuding from this surface until vessels shoot across into it. 
Those tissues which are least highly organized and which require the 
least nutriment bear transplantation best. 

Epithelium is the tissue which can most easily be transplanted. 
Use is made of this fact in the operation of grafting, in which small 
bits of the superficial part of the rete are placed upon a healthy granu- 
lating surface. At first, nourished by the exudation, these fragments 
grow, adhere, and form centres whence epithelium spreads over the 
surface. The cells of the root-sheath of plucked-out hairs answer the 
purpose well. Granulation-tissue may be skinned over in this way 5 
but, unless scar-contraction accompanies the skinning over, the cicatrix 
is liable to break down. ; 

A piece of skin an inch square, freed from all fat, may be trans- 
planted, and thus ectropion and similar deformities may be remedied. 
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Similarly, a bit of mucous membrane, usually obtained from a 
rabbit’s conjunctiva, is transplanted in cases of entropion. 

Cartilage and periosteum, especially when young, bear transplanta- 
tion well (p. 91). So also do small pieces of bone. Macewen built up 
the shaft of a humerus with bits removed from deformed tibie, and 
introduced the practice of replacing, in the opening made by a trephine, 
chips of the bone removed. 

Pieces of muscle have been successfully transplanted, and part of 
the sciatic nerve of a bird has been substituted for a corresponding’ 
piece excised from another bird. In man transplantation of nerve- 
lengths, taken from man and other animals, has been several times suc- 
cessful in restoring the function of divided nerves, even when months 
have elapsed between the injury and the operation. In all probability 
these nerve-lengths merely act as guides along which the axis-cylinders 
can grow. 


CUHAPTER VIE 
DISTURBANCES OF THE CIRCULATION. 


THE efficiency of the circulation depends on the maintenance of a 
correct relationship between the action of the heart, the size and 
elasticity of the bloodvessels, and the quantity and composition of the 
blood, as well as on the preservation of a healthy linmg membrane 
throughout the whole of the vascular tract. It is altogether out of the 
scope of this work to deal fully with the many ways in which these 
various factors may deviate from the standard of health. Practically, 
in disease, they are nearly always combined. Structural defects of 
the heart, arteries, and veins, together with their results on the general 
circulation, will be dealt with subsequently. It is here only necessary 
to give a brief review of the causes and effects of diminution and of 
merease in the blood-supply of a part, and then to deal at greater 
length with the phenomena of passive congestion, dropsy, thrombosis, 
and embolism. 


LOCAL ANAEMIA. 


By local anemia is meant diminution in the amount of the blood 
in a part owing to deficiency of the supply. It may be partial or 
complete. 


Causes.—The causes of diminished arterial supply comprise all 
those conditions which either narrow or completely close the lumen of 
the supplying artery. The lumen of an artery may be diminished by 
disease of its walls—atheroma, calcification, or syphilitic thickening ; 
or by pressure exercised upon it from without, by new-growths, con- 
stricting scars, inflammatory exudations and mechanical effusions, 
especially in unyielding tissues, such as bones or tendon-sheaths. Com- 
plete closure of the vessel may result from some of the foregoing con- 
ditions, or, more commonly, from thrombosis, embolism, or ligature. 
‘In some cases the supply of blood is diminished by an increase in the 
natural resistance, due to irritation of the vaso-motor nerves. This 
occurs in some neuralgic and other nervous affections, or from the action 
of certain substances, such as ergot of rye, or, again, merely as the 
result of a low temperature. It is sometimes attributed to the presence 
in the vessels of products of metabolism, either in excessive amount or 
of abnormal character. Anzmia of one part may be secondary to 
hyperemia of other parts, such as anemia of the brain and skin in 
congestion of the abdominal viscera ; or it may be due to a general 
diminution of the total quantity of blood, as after hemorrhage, in which 
case the parts most distant from the heart suffer most. 
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Results —A part with a diminished arterial supply is usually paler, 
less tense, and of a lower temperature than natural. Its nutrition and 
function are more easily impaired, and it is therefore more liable to 
fatty degeneration, atrophy, or death. These results have been exem- 
plified in the chapters on Fatty Degeneration, Atrophy, and Necrosis. 

Obstruction of a large artery causes rise of pressure (transient under 
healthy conditions) everywhere except in its own area; and _ this 
increased pressure endangers the safety of delicate or diseased vessels, 
until the extra blood thrown into the suddenly curtailed vascular system 
is accommodated in some way. The heightened pressure affects the vaso- 
motor centre, and this speedily produces dilatation of vessels sufficient to 
restore the normal pressure. But the vessels which dilate most mark- 
edly and persistently are those going to the anemic part and anasto- 
mosing with branches from the trunk beyond the obstruction (p. 210). 
These “collateral” vessels become larger, longer (tortuous), and thicker, 
until the circulation in the part has again become normal—.e., collateral 
circulation is established. At first, all vessels having anastomoses with 
the obstructed one probably dilate; but those which enlarge per- 
manently are almost invariably branches on the same side as the 
obstruction—e.g., the right inferior thyroid and vertebral arteries dilate 
after ligature of the right carotid. The primary anzemia, the blush and 
heightened temperature of vascular dilatation, and the final return to 
the normal, can be seen in limbs after ligature of main vessels. 


HYPERAMIA. 


HHyperemia, or congestion, is excess of blood in the more or less 
dilated vessels of a part. It may be (1) active (arterial) or (2) passive 
(venous). These two varieties must be considered separately. 


ACTIVE OR ARTERIAL HYPERAMIA. 


Active hyperemia means excess of arterial blood in a part, with, in 
most cases, acceleration of flow. 


Causes.—The immediate cause of active hyperemia is in all cases 
diminished arterial resistance. 

Diminished arterial resistance may be produced pathologically: 

1. By certain agencies which have a weakening or paralyzing effect 
upon the involuntary muscle of vessel-walls. Fatigue from previous 
prolonged contraction has this effect, as seen in the hyperemia of the 
hands which follows snowballing. Warmth, too, is generally placed 
under this heading. Injuries of all kinds, apart from the reflex hyper- 
emia due to their effect on sensory nerves, cause dilatation by direct 
damage of the vessel-wall ; and, so long as it is more than sufficient to 
counterbalance the inereased resistance which always accompanies it 
(p. 169), the quantity of blood passing through the part is greater than 
normal—i, é., the part is hyperemic. The sudden removal of pressure 
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is another cause of hyperemia. Thus, congestion of the abdominal 
vessels follows the removal of much ascitic fluid, or of a large ovarian 
tumor ; bleeding from the pleura occurs when the cavity is rapidly 
emptied by aspiration or strong syphon-action ; bleeding may also follow 
the complete emptying of a chronically distended bladder. The walls 
of such vessels, being thus provided with external support, gradually 
lose their power ; if, then, the support is suddenly removed, the vessels 
dilate fully, and small ones may even rupture. 

2. By the removal, either directly or reflecly—i. e., by inhibition—of 
the vaso-tonic action of the sympathetic. Thus, active congestion follows 
pressure by an aneurism upon the sympathetic in the neck. Certain 
drugs, taken internally, are believed to directly paralyze the vaso-tonic 
nerves—e. g., nitrite of amyl, alcohol, tobacco. 

The reflex process is generally due to stimulation of sensory nerves, 
the diminution in tonus thus produced being more or less accurately 
confined to the region supplied by the nerve. Friction and slight 
irritants in the early stages of their action produce hyperemia in this 
way. It seems probable that vascular dilatation of deep organs may 
be produced reflexly by stupes and other applications to the skin over - 
them, or, more accurately, to those portions of the skin in connection 
with the same spinal segments. Conversely, visceral disturbances may 
possibly give rise to vaso-motor changes in the corresponding cutaneous 
areas, or, indeed, in areas less limited than these ; for Head has shown 
that in anemia and other diseases the effects of such disturbances are 
less definitely localized. 

Anemia of any large part—as of a limb, compressed by Esmarch’s 
bandage, or of the skin from cold—necessarily causes hyperceemia of 
other parts—compensatory hyperemia. But all parts do not suffer 
equally, as they would do were the hyperemia the result simply of 
increased arterial pressure; certain vessels, as the great abdominal 
veins, dilate, showing that the vaso-motor system arranges for the 
accommodation of the surplus blood by producing local diminution of 
vascular resistance. After extirpation of one kidney, its share of blood 
passes mainly to the other. 

3. By excitation of vaso-dilatator nerves, such as the chorda tympani. 
Nothing is certainly known of this as a cause of hyperemia; but the 
hypereemia associated with facial neuralgia and that of the thyroid in 
exophthalmic goitre, have been referred to vaso-dilatator neuroses, and 
also to inhibition of vaso-tonic nerves. 


Results.—The results of active hyperemia are principally such as 
might be expected from’ increase, in any particular organ or tissue, in 
the amount of arterial blood and in the rapidity of its flow. The 
symptoms in a superficial part are—increased redness and pulsation, a 
subjective sensation of throbbing, some increase in. bulk, and marked 
elevation of surface temperature, until this approaches that of internal 
organs. If the hyperemia be of long duration, or frequently repeated, 
the small arteries remain permanently enlarged, their walls gradually 
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thicken, and the epithelium and connective tissues of the part increase. 
This may be seen in the growth of hair and papillary thickening round 
a callous ulcer of the leg, and the occasional spread of ossification from 
the tibia into the granulation-tissue, though irritation may possibly be 
an additional factor. The capacity for work is increased, and hyper- 
trophy will follow if the increased work is maintained (p. 150). | Hyper- 
zemia of the nervous centres causes great excitability, paresthesia of 
sight and hearing, and even convulsions. In some glands, hyperemia 
produced experimentally is followed by increased secretion, as in damage 
to the renal plexus, which is followed by the increased secretion of 
watery and even albuminous urine. 


PASSIVE OR VENOUS HYPERAMIA. 


In passive or venous hyperemia, the excess of blood is in the veins 
and capillaries, and the flow, instead of being accelerated, is retarded. 
This is so frequently produced by some obvious mechanical obstacle to 
the return of blood through the veins, that it is often called mechanical 
hyperemia. The congestion of a finger, produced by a moderately 
tight band tied round it, may be taken as the type of passive hyper- 
eemia. 

Causes.—Anything which weakens the forces carrying on the venous 
circulation, or which opposes unusual resistance to this circulation, must 
tend to produce venous hyperemia. Such causes may exist in any part 
of the vascular system—heart, arteries, capillaries, or veins—some hay- 
ing a local, others a general effect. They may be arranged under two 
headings—(1) those which diminish the vis a tergo, or propelling force ; 
and (2) those which introduce a vis a fronte, thus placing a direct impedi- 
ment to the return of blood by the veins. 

1. Chief in the first group is diminished cardiac power. The heart 
may act so feebly or be so damaged structurally (see Endocarditis), that 
too little blood enters the arteries at each stroke, and generally at a 
pressure less than normal. As a result the arterial supply of all parts 
is diminished, blood lags in the veins, and a less quantity than normal 
returns to the heart during each diastole. This is very evident in pro- 
longed febrile diseases, such as typhoid, and in those degenerations of 
the walls of the heart which lead to dilatation of its cavities. In which- 
ever of these ways the vis « tergo is impaired, the diminished fulness of 
the arteries and over-fulness of the veins, so familiar clinically as the 
result of cardiac failure, will be produced. If this condition be of long 
duration, there is necessarily so much interference with the oxygenation 
of the blood, with the functions of the blood-forming organs, and with 
the processes of digestion and assimilation, that the blood itself becomes 
deteriorated, and thus the nutrition of all suffers. 

In the arteries the driving force may be weakened (1) by total or 
partial obstruction of an arterial trunk ; (2) by dilatation, arising from 
simple atony, or from those general fatty, atheromatous, or fibroid 
changes of the arterial wall so common in advanced life ; or (3) by 
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rigidity, in which case, owing to loss of arterial elasticity, the heart’s 
force is wasted against the walls of rigid tubes. 

Obstruction to the circulation in capillaries arises mainly from press- 
ure of inflammatory and serous effusions on capillary areas. 

With regard to veins the circulation will be slowed by: (1) absence 
or diminution of contractions on the part of the skeletal muscles, especially 
in the lower extremity ; (2) such dilatation as produces incompetence 
of valves, thus rendering muscular action useless as an aid to circula- 
tion ; and (3) by anything which lessens the suction-action exerted upon 
the great veins by the respiratory movements of the thorax. Forcible 
expiration will replace the normal minus-pressure within the thorax by 
a plus-pressure : thus, playing wind-instruments impedes the entry of 
blood from the veins into the heart. Emphysema, effusion of air or 
fluid into the pleural cavities, and large new-growths of the lung act 
similarly. These causes might fairly rank under the second heading. 

When, by various combinations of the above conditions, the circula- 
tion is much retarded, hypostatic congestion occurs. The commonest 
seats of this are the posterior edges and bases of the lungs, the skin 
over the sacrum, and any parts kept constantly dependent. Slowing of 
the circulation causes distention of the veins and increase of the intra- 
venous pressure. In any such part which is also dependent, the intra- 
venous and capillary pressure is further increased by gravity. The 
force of gravity is in proportion to the vertical distance between the 
highest point of the body for the time being and the part in question. 
If the patient is so weak as to be unable to change his position, this 
pressure constantly acts upon the same veins and capillaries, dilating 
them, and greatly increasing the tendency to leakage through their badly 
nourished walls. Thus the part is redder and softer than normal, and 
is cedematous (p. 198). In bedridden patients breathing is often very 
shallow, and the effect of expiration in driving blood on to the left 
auricle is therefore diminished (see Hypostatic Pneumonia). In people 
who are walking about, dropsy from heart-disease generally begins in 
the legs. This is due largely to the action of gravity. 

2. The return of blood through the veins may be interfered with in 
many ways. Thus, congestion of the stomach, intestines, pancreas and 
spleen, from compression of the portal capillaries, occurs in cirrhosis of 
the liver ; congestion of the lung follows mitral constriction or regur- 
gitation ; congestion of the systemic circulation results from insufficiency 
of the tricuspid valve ; and in the lower extremities the same result may 
be due to pressure of the gravid uterus on the iliac veins. 


Results.— Whether there be a direct impediment to the return of 
blood by the veins, or a failure in the forces of circulation, the veins 
and capillaries dilate, and the blood, moving with diminished velocity, 

accumulates in them. The subsequent changes will depend upon the 
degree of obstruction to the venous return, and upon the arterial press- 
ure ; in other words, upon the injury sustained by the vessel-walls from 
impaired nutrition, and upon the increase of pressure in the veins and 
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capillaries. In addition to the immediate effects, such as the diminished 
secretion of urine, the more gradually induced changes are the exudation 
of serum, the escape of red blood-corpuscles, hemorrhage, fibroid indu- 
ration, atrophy, thrombosis, and necrosis. 

1. Exudation of serum ‘is one of the most important results of pas- 
sive hyperemia. It is discussed on p. 196. 

2. Escape of red blood-corpuscles occurs when obstruction to the 
venous return is very great: they transude with the fluid from the veins 
and capillaries. The blood-stream in these vessels stagnates, and the 
red corpuscles become packed into a coherent mass which oscillates to 
and fro with the arterial pulsation. Then, suddenly, some of the red 
corpuscles penetrate the walls of the capillaries and smallest veins and 
escape into the surrounding tissues. This seems to occur without rup- 
ture of the vessel, for, if the ligature be removed, the blood again cireu- 
lates in a perfectly normal manner. The corpuscles rarely escape in 
great numbers. It has been suggested that they pass by diapedesis 
between the endothelial cells. 

3. Hemorrhage is another result of passive hyperemia, and usually 
occurs only when the obstruction to the venous current is very great, 
and when the nutrition of vessels and tissues has suffered from long 
congestion. Healthy vessels can bear very heavy strains without giving 
way. Those vessels which are the least supported are the first to give 
way. Hemorrhage into the stomach in cirrhosis of the liver, and into 
the lung in mitral stenosis, are familiar examples of this result. 

4, Fibroid induration is due to a gradual increase in the connective 
tissue round the bloodvessels, and is one of the most important results 
of long-continued passive hyperemia. This interstitial growth was 
formerly supposed to lead to atrophy of the higher structures, and thus 
to impairment of the functions of the organ. In the stomach, it was 
said to produce atrophy of the glandular structures; in the kidney, 
compression of the tubules; and, in the heart, diminution in motor 
power. It is probable, however, that the atrophy in these cases is 
primary, following the deficient supply of arterial blood, and that the 
increase in the stroma is due to the fact that the latter is the only tissue 
present that can thrive in the existing conditions. The possible stimu- 
lating effects of irritant products or of dead epithelial cells on the 
growth of the fibrous tissue is difficult to estimate. It is probably an 
unimportant factor. The alterations which this change produces in the 
physical characters of the organs—viz., induration associated with 
abnormal redness, due to the excess of blood or pigmentation from 
hematoidin—are exceedingly characteristic. 

5. Thrombosis (see p. 200). : 

6. Necrosis occurs from passive hyperemia only when the obstruction 
is very general and complete (p. 29). 

To sum up, long-continued passive hyperemia leads to impairment 
of vitality and function, The tissues gradually undergo retrogressive 
changes and atrophy, although from the amount of exudation and blood 
which they contain their size and absolute weight may be increased. 
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This form of hyperemia has no tendency to cause multiplication of 
tissue other than the connective, and, in the case of mucous membranes, 
the epithelial. In the latter instance the proliferation is associated with 
catarrhal inflammation to which the congestion predisposes. 


Morbid Anatomy of Hyperzemia.—Parts which were actively 
hyperemic during life frequently show no signs of this condition after 
death ; for, if coagulation does not occur immediately, contraction of 
the arteries or of the elastic capsules of organs forces the blood on into 
the veins, thus rendering the recognition of arterial or capillary hyper- 
emia impossible. Further, under the influence of gravity alone, fluid 
blood will tend to run to the more dependent parts: and thus a hyper- 
zemic organ—whether actively or passively so—may be emptied of 
blood and may thus appear pale. 

But, on the other hand, dependent parts—the posterior portions of 
the lungs, the lowest coils of the intestines, the skin on the posterior 
surface in dorsal decubitis—which may have been healthy during life, 
now become full of dark blood. It is often difficult to say how much 
of the congestion of the base of a lung is ante-mortem and how much 
post-mortem. 

When large veins are hyperzemic, the injection is said to be “ rami- 
form,” from their branching form and dark-blue color. In the intestine, 
skin, and kidney, hyperemia may appear punctiform from the arrange- 
ment of the vessels in villi, papillee, or Malpighian corpuscles, as the 
case may be. Minute punctiform hemorrhages must not be mistaken 
for such cases. 

Pigmentation (slate-gray, black or brown) from the altered hmo- 
globin of disintegrated corpuscles (p. 78) generally remains after 
chronic hyperemia, as is often seen in the stomach and intestines after 
portal congestion, and in the bladder and the lungs after chronic 
catarrh. 


Passive Hyperemia of the Liver. 


Passive hyperemia of the liver is the result of some obstruction to 
the blood-stream in its course from the hepatic veins until it reaches 
the aorta. It may thus be due to the pressure of inflammatory tissue 
or exudation on the inferior vena cava ; to fibrosis or emphysema of the 
lung; and especially to disease of the mitral or the tricuspid orifice 
associated with failing compensation on the part of the walls of the 
heart. Long-continued passive hyperemia of the liver gives rise to 
the condition known as nutmeg liver. The change is characterized by 
a large accumulation of blood in the sublobular and intralobular 
yeins, which dilate and thicken ; by distention of the supplying capil- 
laries and venules; by atrophy of the hepatic cells in the central 
portions of the lobules (cyanotie atrophy) ; and rarely by increase of the 
interlobular connective tissue (Fig. 105). The impediment to the 
return of blood by the hepatic veins leads to atrophy of the cells in the 
central portions of the acini and to the deposit of pigment, so that, 
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when examined microscopically, these portions of the acini are seen to 
consist of masses of broken-down cells and granules of pigment, 


Passive hyperemia of the liver. A single lobule. a, distended intralobular vein with thickened 
walls; b, b’, isolated groups of degenerated liver-cells surrounded by enormously distended 
capillaries and atrophied liver-cells; c, fatty liver-cells. 100. 


separated from one another by the distended vessels. The intralobular 
veins and their radicles are much dilated, and filled with red blood- 
corpuscles (Fig. 106). Their walls are thickened, and there often 


Passive hyperemia of the liver. Two capillaries near central hepatic vein. Showing the 
thickening of the walls and the accumulation of red blood-corpuscles within them. 500. 


appears to be some thickening of the intercellular network which 
immediately surrounds the central vein. Owing to this thickening of 
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the central vein and of the adjacent intercellular network, and to the 
destruction of the liver-cells, the most central portions of the acini, in 
advanced stages of the disease, may appear to contain more fibrous 
tissue than is actually present. At the peripheral parts of the acini 
new fibrous tissue is occasionally seen between the almost unaltered 
liver-cells. In a few instances this may be a prominent feature. 

In the earlier stages of this affection the liver is smooth and often 
considerably increased in size from the large amount of blood which it 
contains. On section, it presents a peculiar mottled appearance, the 
centre of the lobules being of a dark-red color, whilst the peripheral 
portions are of a yellowish-white. This latter appearance is occasion- 
ally inereased by fatty accumulation in the peripheral liver-cells. The 
appearance of such a section is not unlike that of a nutmeg (Fig. 107). 


Fig. 107. 


ong yh in 
ee 


aoe 


Passive hyperemia of the liver. a, a', a®, intralobular veins, round which the liver-cells have 
atrophied. This zone appears pale, as the red corpuscles, with which the distended capilla- 
ries are crowded, are unstained. The external zone is fatty, but stains in the usual manner. 
To the naked eye, in unstained sections, the central zone is dark, and the peripheral fatty 


zone pale. 20. 


Ultimately, the organ may undergo a gradual diminution in. size, 
becoming more or less irregular on the surface. This is due to atrophy 
of the central cells of the lobules, mainly from malnutrition (p. 187), 
but partly from pressure of the dilated central veins and the contracting 
interlobular growth. 


Passive Hyperemia of the Lungs. 


In the lungs, long-continued passive hyperemia produces that 
peculiar induration and pigmentation which is known as brown indura- 
tion. This most frequently results from stenosis of the mitral orifice 
or from insufficiency of its valves. The consequent changes consist, in 
the first place, of elongation and dilatation of the pulmonary capillaries, 
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so that even in uninjected preparations the alveolar walls appear abnor- 
mally tortuous. The epithelial cells lining the alveoli become swollen, 
probably multiply, and are seen in large numbers, filled with dark- 
brown pigment, covering the alveolar walls (Fig. 108). They fre- 
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Brown induration of the lung. Showing the abnormal number of swollen pigmented epithelial 
cells covering the alveolar walls, the increase of connective tissue around the bloodvessels, 
a, and the large quantity of pigment; b, the alveolar cavity. X 200. 


quently accumulate within the alveolar cavities. These changes are 
followed by an increase in the interlobular connective tissue, by the 
formation of large quantities of brownish-black pigment, and often by 
a thickening of the alveolar walls. The bronchial mucous membrane 
is dark and the small peribronchial vessels are dilated. Sometimes 
these vessels rupture and blood is extravasated into the tissue of the 
lung. Not infrequently these changes occur with and after infarction 
(p. 214), a closely associated condition. 

Lungs in which these changes are at all advanced present a more 
or less uniform brownish-red tint, mottled with brown or blackish- 
colored specks and streaks. They are heavier, tougher, and denser, as 
well as less crepitant than normal. 


DROPSY. 


The normal tissues are continuously bathed in, and nourished by, 
the lymph, which derives its nutritive material from the blood, and 
passes on into that fluid the products it receives in exchange from the 
tissues. These products find their way, either by the veins or by the 
lymphatics, back to the heart, and thence to the lungs, skin and 
kidneys. In all probability the veins are quite as much the soil-pipes 
of the tissues as the lymphatics. To state that there is, in all parts of 
the body, a constant circulation of lymph, transuding from the capil- 
laries and returning by the lymphatics, is more than is justified by our 
present knowledge. In the dog, at any rate, we know that during 
rest there is no flow at all from the lymphatics of the limbs. The 
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lymphatics seem to perform most of their work during active exercise, 
or in any local emergency. 

Lymph varies both in amount and in composition. The two factors 
which are mainly operative in determining these are—(1) the excess of 
the pressure within the capillaries over that in the tissues immediately 
around them ; and (2) the special properties of the cells of the capil- 
lary walls. : 

1. The capillary pressure is, in general terms, a sort of resultant 
between the arterial and venous pressure. It usually follows most 
closely that in the veins. If either the arterial or the venous pressure 
rise or fall, while the corresponding venous or arterial pressure remains 
constant, the capillary pressure will rise or fall too, as the case may be. 
If, however, one of them, either the arterial or the venous pressure, 
rise or fall while the other moves in a contrary direction, the resulting 
capillary pressure may rise, remain constant, or fall. Under such 
circumstances the capillary pressure is difficult to estimate, for there 
is no method of direct measurement. Most often, as has been said, it 
follows that in the veins. A statement regarding the arterial pressure 
alone is rarely a safe guide to the capillary pressure, partly for the 
reason just given, and partly because the arterioles may interpose an 
additional indeterminate factor. 

2. The influence exercised by the capillary walls upon the produc- 
tion of lymph has been supposed by Heidenhain and others to be 
of the nature of an active secretory process, but by many it is still 
regarded as a passive factor, the efficacy of which depends only on the 
efficient nutrition of the vessel-walls. According to this second view, 
a vessel-wall is said to be more or less “ permeable” in proportion to 
(1) the readiness with which it allows fluid to transude (sensitiveness 
to pressure) ; and (2) the resemblance which the transuded fluid bears 
to the plasma of the blood. Thus, so long as the pressure remains 
constant, the permeability of the capillaries determines both the amount 
and the composition of the lymph. For example, the capillaries of 
the liver are said to be more permeable than those of the intestine, 
and those of the intestine than those of the limbs. By this is meant 
that a similar increase of pressure induced in each case will not be 
followed by a similar result, but that there will be a marked increase 
of the lymph-flow from the liver, a less increase from the intestines, 
and the smallest increase of all from the limbs ; and that in any case 
the lymph from the liver will contain more proteid matter than that 
from the intestines, and that from the intestines more than that from 
the limbs. The saline constituents are the same in all cases, and 
correspond in amount to that found in the blood-plasma. It is well 
known that ascitic fluid contains more albumin than oedematous fluid 
from the legs, and that this is so under all conditions, and does not 
depend on the disease producing the dropsy. Damage—such as 
dipping a limb into very hot water—increases the permeability of the 
capillaries, and, therefore, both the amount of fluid transuded and 
the resemblance which it bears to blood-plasma. It is probable that a 
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somewhat similar but less pronounced change may be caused by 
gradual alterations in nutrition, due to the circulation of defective or 
vitiated blood, and that increased friction and greater permeability may 
result. 

Heidenhain found that by introducing certain substances into the 
blood he could produce an increase in the flow of lymph. These 
substances he called “lymphagogues,” believing that they in some 
way stimulated the supposed secretory power of the capillary walls. 
Starling has, however, by very ingeniously contrived experiments, 
shown that, in the case of dextrose, the first effect of its introduction 
is to cause a reabsorption of fluid into the bloodvessels, and a conse- 
quent increase in the total quantity of fluid they contain. This in 
its turn produces a rise in the venous, and therefore in the capillary, 
pressure ; and to this increased pressure, rather than to any special 
secretory process, he attributes the additional lymph-flow. Starling 
further shows that if an amount of blood equal to the expected ab- 
sorption—caused by the introduction of the dextrose—be previously 
withdrawn, no increase in the total amount of blood, no rise of the 
venous pressure, and no addition to the ordinary lymph-flow, will occur. 
It seems, therefore, that permeability should still be regarded as depend- 
ing on a diminished power of retention rather than as an active secretory 
process. 

By dropsy is meant the retention of lymph, either in connective- 
tissue spaces or in serous cavities, though by some writers it is used 
only with reference to the latter. The term edema is limited to 
dropsy of the connective-tissue spaces, while anasarca means cedema 
of the subcutaneous tissue. Thus we speak of “general dropsy,” 
“oedema of the lungs,” “anasarca of the legs.” 

It is practically certain that the causes of increased lymph-flow are 
also the causes of dropsy. It is quite certain that the most marked 
examples of dropsy are, in practice, associated with marked increase in 
venous pressure acting over a long period. Among these, local obstruc- 
tion to the return of venous blood plays the chief part. This may be 
caused by the pressure of cicatricial tissue, or of a tumor, or by throm- 
bosis. Inefficient action of the heart, such as that occurring in late 
stages of valvular disease, causes a fall in arterial, but a rise in venous, 
pressure, with a consequent slowing of the circulation. As the veins 
become distended their valves become incompetent, and the action of 
gravity on the enlarged blood-column adds enormously to the pressure 
in the capillaries of the legs and thus produces anasarea. A slighter 
form of cedema of the legs, in women whose occupation involves much 
standing, is due to the combined influence of constipation, garters, and 
gravity. In all these cases the passive congestion probably increases 
the permeability of the capillary walls. The certainty that the increased 
venous pressure is the cause of the dropsy rests mainly on the con- 
stancy with which the dropsy disappears when the increase in pressure 
is removed. Increased arterial pressure is sometimes credited with the 
production of dropsy, but it is uncertain whether, in the absence of 
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increased venous pressure, it is a sufficient cause. In that form of 
chronic Bright’s disease known as “ granular kidney ” there isa marked 
increase in the arterial pressure, but no cedema until the heart’s action 
begins to fail, and the venous pressure consequently rises. Possibly 
in such conditions the contracted arterioles may partially neutralize the 
effect and act as a guard to the capillaries. An experiment of Heiden- 
hain’s shows how fallacious it is to trust to arterial pressure as a guide 
to capillary pressure. By obstructing the thoracic aorta this observer 
enormously reduced the arterial pressure. Notwithstanding this reduc- 
tion, he found that the combined lymph-flow from the intestines and 
liver together showed no proportional fall, though the lymph obtained 
included an appreciably larger amount of proteids. Heidenhain’s in- 
ference was that no process of mere tissue-filtration could possibly 
explain the result. Starling repeated this experiment, but took the 
precaution of measuring the pressures in the portal vein and in the 
inferior vena cava, as well as in the femoral artery. He found that 
the enormous fall in the arterial pressure was accompanied by a con- 
siderable drop in that in the portal vein, but by a distinct rise in that 
in the inferior vena cava; so that, though the pressure in the intestinal 
eapillaries was almost nil, the pressure in those of the liver was prob- 
ably increased. He further showed that the flow of lymph from the 
intestines ceased, while that from the liver (normally the more concen- 
trated) continued, as might have been inferred from the pressure- 
conditions. In this way the changes in capillary pressure were found 
to explain the alterations in both the quantity and character of the 
lymph. 

The second great division of dropsy comprises those cases associated 
with inflammation of the kidneys and deficient urinary secretion. In 
renal dropsy the exuded fluid contains a smaller percentage of proteid 
and a larger percentage of extractives than in dropsy due to increased 
venous pressure, although the same proportionate difference between 
the composition of the ascitic and subcutaneous fluid obtains. The 
urine in renal dropsy generally contains a large amount of albumin, 
and the consequent diminution in the albumin of the blood possibly 
affords some explanation of the small amount in the dropsical fluid. 
Moreover, in these cases there is no ascertained increase of venous 
pressure. It is true that the pressure in the arteries is often raised, 
but the rise bears no uniform relation to the oedema. Possibly the 
dropsy is due to the action of some toxic substances upon the capillary- 
walls, whereby their permeability is increased. There is, however, no 
constant relationship between dropsy and uremia, which is also believed 
to depend on a similar cause. It has been suggested that in these 
cases there are substances circulating in the blood which act like the 
experimentally injected dextrose, and that these substances produce a 
condition of plethoric hydremia and a consequent general rise of blood 
pressure, followed by edema. Against this view it may be urged that, 
in the experiment referred to, the increased flow affects only the abdom- 
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inal viscera, whereas the edema in Bright’s disease is distributed over 
all the loose tissues on the surface of the body. We know, however, 
practically, that improvement in the quality of the blood is followed 
by diminution in the amount of cedema. 

In cardiac failure there must be some hindrance to the exit of lymph 
from the thoracic duct, and this may be an adjunct in dropsy due to car- 
diac causes. Local pressure on the lymphatics does not usually produce 
cedema, though the occasional presence of chyle in the urine, or in the 
pleural or peritoneal cavities, is generally attributed to blocking of the 
respective lymphatics by growths or parasites, or to rupture of the tho- 
racic duct or receptaculum chyli. 

In anemia, neuralgia, exophthalmic goitre, tumors of the spinal cord, 
and other diseases, slight degrees of oedema are occasionally met with. 
Section of the spinal cord produces vaso-constrictor paralysis, and tumors 
probably act ina similar manner. In the other cases vaso-motor derange- 
ments are common, and though their cause is less definitely ascertained, 
paralysis of vaso-constrictor, or direct action of vaso-dilatator nerves is 
probable, and would furnish a sufficient cause. Experimental anzemia 
gives rise to no increased lymph-flow, but it does not follow that defective 
blood acting over a long period might not increase the permeability of 
the capillaries. Experiments on the spinal cord, and on the splanchnic 
and vagus nerves, have hitherto failed to afford satisfactory evidence of 
the existence of any nervous cause of cedema apart from vaso-motor 
changes. 


THROMBOSIS. 


Thrombosis is the coagulation of the blood within the vessels during 
life. The product is called a thrombus, in opposition to a coagulum or 
clot—the result of post-mortem coagulation. Thrombosis may occur 
in the heart, arteries, capillaries, and especially in the veins. It is by no 
means certain ’that the process of coagulation is the same in all cases, 

Causation.—Thrombosis is generally said to be due to one or more 
of three causes: damage or absence of the lining cells of the vessel- 
walls ; retardation of the blood-stream ; and changes in the blood itself 
increasing its coagulability. 

I. Damage or Absence of the Lining of the Vessel-wall— When coag- 
ulation of circulating blood occurs, it is usually upon some obviously 
diseased surface. It is probable that the influence of the vessel-wall is 
neutral or passive so long as it is living and healthy. Thus the normal 
vessel-wall may be compared to greasy and viscous substances, like 
vaseline, paraffin and castor oil, in contact with which blood may be 
kept fluid for long periods, and yet be ready to coagulate normally as 
soon as it touches rough solid matter to which the corpuscles can 
adhere. 

Although the vessel-wall has been spoken of, the integrity of the en- 
dothelial layer is alone necessary. Fatty and calcareous changes of the 
deeper structures do not cause thrombosis, whilst atheromatous ulcers, 
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foreign bodies, and nodules of new-growths—all uncovered by endothe- 
lium—amay ; moreover, severe injury of capillaries, which possess only 
endothelium, causes thrombosis in them. Damage or absence of the en- 
dothelium of the bloodvessels is the most important condition in the 
production of thrombosis. This damage or absence, as already stated, 
may be due to many causes. 

1. Injuries may destroy or injure the endothelium. Among the most 
important of these are section, rupture, ligature, and torsion of vessels. 
In section and rupture, thrombosis starts from the damaged intima and 
constitutes part of the process by which hemorrhage is naturally and 
temporarily arrested (p. 209). Cauteries and caustics furnish other 
examples of the effect of injury in producing thrombosis. 

2. Diseases of the vessel-walls may affect the endothelium. Thus, 
thrombosis may occur on atheromatous ulcers, on bare calcareous plates, 
or on an intima damaged by syphilitic inflammation, or by the extension 
of spreading inflammations from other parts. 

There is some uncertainty concerning the part played by the walls of 
the veins in the production of thrombosis. The influence of inflamma- 
tion of the walls (acute phlebitis) in pycemia is considered elsewhere, but 
venous thrombosis is also a frequent complication in many chronic 
wasting diseases, specific fevers, and other disorders. Pyogenie or other 
micro-organisms are present in most of the thrombi occurring in these 
cases, and in some of the instances there is but little doubt that an in- 
fective phlebitis has preceded the thrombosis (Welch). The organisms 
may be derived from the blood circulating in the affected veins. As in 
endocarditis, they cause necrosis of the endothelium, thus giving rise to 
fibrin-ferment, while, later on, they lead to inflammatory changes in the 
vessel-wall. It is possible that in some cases the organisms may reach 
the vessels by way of the vasa vasorum or lymphatics. 

3. Imperfect blood-supply to a part, causing disease of the vessel-walls 
by imperfect nutrition. Here slowing of the circulation is the indirect, 
and deficient vascular supply the immediate, cause. It is probably not 
a very important group, as there are reasons for supposing that the 
nutrition of the intima may be maintained by the circulation in the vasa 
vasorum, apart from that in the affected vessel (Fig. 109; see Inflam- 
mation of Arteries), and there is no necessary relationship between these 
two portions of the circulation. This cause is chiefly operative in the 
case of the smallest vessels. The conditions affecting the blood-supply 
will be considered in a subsequent section. 

4, The presence of foreign bodies in the vascular system. These com- 
prise such things as needles, horsehair, or wire introduced into the sac 
of an aneurism ; pre-existing clots (thrombi or emboli); parasites, such 
as Distomata, which have penetrated the vessels ; and new-growths 
which project into the interior of veins. In all these instances the 
thrombus forms first upon the foreign substance itself. The roughness 
of the surface of the foreign body seems to be a factor of some im- 
portance. Zahn introduced small glass balls without producing any 
thrombosis. 
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II. Retardation of the Blood-stream.Sometimes the causes just con- 
sidered (abnormality of surface) are insufficient to cause extensive clot- 
ting, until retardation of the blood-stream is added. For example, in 
the aorta we sometimes find calcareous plates uncovered by endothelium, 
but with little or no adherent fibrin. In aneurisms, too, the wall is 
always abnormal and the circulation somewhat retarded ; but sufficient 
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Section of a thrombosed popliteal artery, a fortnight after ligature, showing persistence of 
almost the whole of the intima. The thrombus bas been torn from the vessel-wall. x 80. 
(Mott.) 


clotting to effect a cure may not occur until, by treatment, we still 
further reduce the current, and thus prolong the contact of the blood 
with the abnormal surface. In veins, however, where the blood-current 
is slow, slight lesions in the walls are rapidly followed by thrombosis. 

On the other hand, retardation, or even arrest, seems unable by itself 
to produce thrombosis. So long as the endothelium is kept fairly nour- 
ished and the blood is of normal quality and free from micro-organisms, 
the stagnant blood does not coagulate. 

How are these different results to be explained? Impaired circu- 
lation in a part means damage to all the tissues supplied—to the endo- 
thelium of the vessels among others. It is, of course, possible that 
diminishing the rapidity of the blood-stream may have no other influ- 
ence than that which it exerts in this direction. There are, however, 
reasons for assigning to it a more direct action. All parts of a stream 
flowing through a tube do not proceed at the same rate. The central 
or axial part of the stream invariably travels faster than the peripheral 
or periaxial, for it is exposed to less friction. If solid particles be sus- 
pended in such a fluid, those with a specific gravity most closely approach- 
ing that of the fluid will move most rapidly, and maintain their position 
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in the axial stream most easily. If the rate of flow be diminished, the 
tendency of the suspended particles to remain in the axial stream will 
also diminish, and this will be in proportion to the difference between 
their respective specific gravities and that of the fluid in which they are 
suspended. 

In most arteries and in many veins the periaxial stream contains 
only plasma and a few leucocytes. But directly the stream slackens 
leucocytes leave the axial stream in large numbers and lag behind close 
to the walls, while even the red corpuscles maintain less perfectly their 
axial position. The blood-platelets generally 
occupy the axial stream, but fall out soon after Fra, 110. 
the leucocytes, and from the same cause. Now 
whether we attribute to the leucocytes or to the 
platelets the chief function in the production of 
the thrombus (p. 204), it is quite evident that, 
though the linmg membrane of the vessel be 
diseased, yet the increased friction thereby pro- 
duced may be insufficient to cause any practical 
slowing of the blood-stream at that point, and 
insufficient, therefore, to bring either platelets 
or leucocytes into contact with the damaged 
part of the wall. In this way we may have an 
abnormal endothelial lining without any result- 
ing thrombosis. 

On the other hand, when the current is slow, 
as in the veins, the leucocytes and platelets will 
readily come into contact with the sides of the 
vessel and may produce clotting, even though 
the damage to the yessel-wall be comparatively 
slight. In this way we find that neither 
damage to the endothelium nor slowing of the 
circulation need be followed by thrombosis ; and 
that the former is the more important cause of 
the two, because there are many places where 
the blood-stream is naturally slow. The occur- 
rence of local eddies in the blood-stream is prob- 
ably of considerable importance in determining Diagram to show phenomena 
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—e.g., those of the lower limb, pelvis, or back ; in the cerebral veins 
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and sinuses, where the venous circulation is ordinarily very slow and 
difficult ; and in those parts of the heart in which blood tends to remain 
when the organ first fails to contract efficiently—e. g., the auricular 
appendices, the apices of the ventricles, and the spaces between the tra- 
becule. In veins these clots begin just behind the flaps of valves (Fig. 
110). The force of the venous current is so slight, or the resistance 
to it so great, that it no longer opens the valves completely ; the blood 
consequently stagnates, and, after a time, coagulates behind the cusps. 
Such clots occur in the course of many exhausting diseases—as phthisis 
and: cancer —in which thrombosis is materially facilitated by the quies- 
cent state of the patient. 

Tn varicose veins, which are frequently the seats of thrombosis, the 
circulation is extremely slow, and the endothelium, owing to imperfect 
nutrition, can scarcely ever be healthy, though it is not always so dam- 
aged as to excite coagulation. 

III. Certain conditions of the blood seem to favor coagulation and to 
promote the occurrence of thrombosis. It is said that the tendency 
to coagulation is increased during the later months of pregnancy, 
after profuse hemorrhage, and in certain acute inflammatory diseases, 
such as acute rheumatism, erysipelas, pneumonia and pleurisy. The 
only two ascertained changes i in the blood, likely to lead to thrombosis, 
are (1) the presence of micro-organisms, and their products, and (2) an 
increase in the platelets. The micro-organisms may, in addition to 
their other results, assist thrombosis by producing “clumping” of the 
red corpuscles. The platelets may be found in large numbers at the 
end of see of the acute fevers, constituting a “ platelet-crisis ” 
(Hayem), while a moderate increase has been often observed in 
anzemia, spleno- medullary leneocythemia and other diseases. To what- 
ever cause it may be due, an increased tendency of the blood to 
coagulate is probably never more than a predisposing cause of 
thrombosis. 

It is well known that the presence of calcium salts is essential to 
the coagulation of the blood; while the addition of oxalates will neu- 
tralize the effect of their presence and prevent coagulation. So also, 
among the products of cell-action, substances allied to nuclein aid 
coagulation, while albumoses hinder it. The bearing of these facts 
upon the phenomena of thrombosis is at present unknown. 


Characters of Clots and Thrombi—Post-mortem coagula in the 
heart are generally buffy. The thickness and firmness of the pale layer 
generally varies with the time which elapses before the changes in the 
heart-substance allow coagulation to begin, but is to some extent 
dependent on the tendency ‘of the red corpuscles in certain diseases— 
ee pneumonia—to form dense clumps instead of more open meshes 
or rouleaux : its position indicates the part that was uppermost after 
death. Though not adherent, the clots are often so much entangled 
among the chords and frabesulze, that they cannot readily be remeeed 
Post-mortem clots in the vessels are red, soft, and never adherent. 
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They do not jill the vessels, and can be easily drawn out of them as 
long strings. 

Thrombi or ante-mortem clots are of two kinds—red and white, 
according as they originate from stagnant or from circulating blood. 

In the former case, as seen in an artery or vein after ligature, more 
or less of the stagnant blood on either side of the knot coagulates into 
an ordinary red clot—soft, uniform on section, and adherent to the 
vessel-wall where this is injured. The thrombus, still adhering to the 
wall, then contracts, becomes drier and less elastic, but still remains 
red. This is the state in which a red thrombus is generally found. 
If the surface of a red thrombus be exposed to circulating blood, a 
layer of white thrombus may be deposited on it (Fig. 110). 

When coagulation occurs in blood which is still circulating, as in the 
sac of an aneurism or on a cardiac vegetation, a white or mixed 
thrombus results. 

This is made up of a mass of blood-platelets, fibrin and leucocytes. 
According to Welch, the first deposit in a white thrombus consists of 


Kre. 101. 


Section of an arterial thrombus—thirty-seven days old. a, new bloodvessels; b, leucocytes and 
anastomosing cells. (Rindfleisch.) 


platelets in the form of pale roundish bodies, in size averaging a 
quarter of that of a red corpuscle. In a short time, between and at 
the edges of the masses of platelets, a deposit of uninjured multi- 
nucleated leucocytes begins, and shortly afterward fibrin appears at 
the same places. * Ordinary white thrombi are grayish-white or reddish 
in color, firmly adherent to the vessel-wall, and usually stratified. 
Examined microscopically, they are found to consist of granular masses 
made up of altered platelets and separated from one another by fibrin, 
leucocytes, and a larger or smaller number of red corpuscles. 

A thrombus may be either parietal (forming one or more laminz 
attached to the vessel-wall) or obstructive (completely filling up the 
lumen), thus causing either partial or complete occlusion of the vessel, 
A parietal thrombus is always of the white variety, while an obstructive 
thrombus may be either ved or white. Once formed, both varieties extend 
in the same way, by the formation of a red thrombus where the blood is 
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stagnant, and by the deposition of platelets, fibrin and leucocytes where 
it is circulating. A parietal may be thus converted into an obstructive 
thrombus. The extension of the latter is generally checked by the 
rapidity of the blood-current at the junction of the first large collateral 
branch in each direction (Fig. 110) ; but sometimes, especially in veins, 
the thrombosis continues, and a clot may extend from the veins of the foot 
to the vena cava. Both in arteries and veins, extension is most likely 
to take place in the direction of the circulation, though it may occur in 
an opposite direction. Obstructive thrombi generally adhere to the wall 
throughout their whole length, but sometimes they do so only at their 
points of origin. 

A few rare forms of thrombus are occasionally met with. (1) Hyaline 
thrombi. In the smallest vessels, and especially in the capillaries, there 
are sometimes found refractive homogeneous translucent plugs, readily 
colored dark blue with Weigert’s fibrin-stain. These are probably de- 
rived either from platelets or directly from red corpuscles. (2) Fbrin- 
ous thrombi. Masses of fibrin are occcasionally found blocking the 
smaller vessels, especially in the consolidated portions of the lung in 
acute pneumonia. (3) Leucocytic thrombi. Vessels are sometimes found 
filled with leucocytes, but it is doubtful if these should be regarded as 
true thrombi. 


Final Changes in Thrombi.—Thrombi may remain with but little 
change beyond decolorization, or they may undergo softening or become 
organized, 

Decolorization.—The first change in a red thrombus is a breaking- 
down of the red corpuscles. Their stromata become unrecognizable, 
and the hemoglobin is set free and in great part absorbed, though some 
may remain as granular hematoidin. As a result, the thrombus loses 
its deep red color and acquires a finely mottled reddish-gray tint. The 
process begins in the centre, and takes weeks or months before it is 
completed. 

Long thrombi, such as occur after ligature of the lower part of the 
carotid, as well as large laminated thrombi, like those in aneurisms, 
may remain for long periods as more or less granular masses of non- 
irritant fibrin, without any sign of organization or of softening. 

Calcification may occur in these thrombi as a late change, and thus 
give rise to phleboliths. These are especially common in the prostatic 
plexus. 

Softening —That thrombi can disappear and leave the lumen of the 
vessel pervious is certain; for when it was the custom for venesection 
to be performed at regular intervals, the repeated bleedings were fre- 
quently effected from the same vein. In modern times also, re-estab- 
lishment of the circulation is known to have occurred through spermatic 
veins and through the superficial veins in the leg, in eases where throm- 
bosis had undoubtedly taken place. 

The process by which this occurs is not known, but in a large number 
of cases it is probably the result of some form of softening process. Soft- 
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ening may be simple or infective. Infective softening is invariably due 
to pyogenic or putrefactive organisms. Organisms are often found in 
simple softening, but this variety is not infective, and probably has some 
other cause. 

1. Simple softening—The changes commence by the disintegration 
of the centre of the thrombus and by the formation of a more or less 
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— 


Section through a portal canal in a case of suppurative pylephlebitis arising in connection with 
“umbilical pyemia.”’ The vein-wall(V)is converted into granulation-tissue. Lumen of vein 
is below on the left. 60. (Boyd.) 


fluid, pappy substance, which has a reddish-gray color, varying with 
that of the thrombus which is undergoing the change. To the naked 
eye the fluid often looks like pus, and the process is still sometimes 
spoken of as the “ puriform” softening of a clot. But Virchow long 
ago pointed out that the fluid consisted of the débris of corpuscles and 
fibrin—albuminous, fatty, and pigmentary granules. There may be a 
few recognizable white corpuscles in it, which haye probably migrated 
from without. In cases of constriction of the mitral orifice of the heart, 
with consequent dilatation of the left auricle and slowing of the circula- 
tion, large clots undergoing this change may be found in the auricles. 
They consist of little more than bags of thick, grumous fluid. The 
outer laminz generally form a firm case for the softened central part, 
and if the softening approach the surface, this case is often thickened at 
that point by the formation of fresh protective clot. Not infrequently, 
howeyer, the encasing clot may be perforated and the contents discharged 
into the circulation. The larger particles may form emboli (p. 211), 
probably too minute to cause symptoms. When the contents of an 
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obstructive thrombus occurring in an artery or vein are thus discharged, 
the circulation in the vessel may be re-established through the centre 
of the thrombus. This process constitutes one form of canalization of 
a thrombus. 

2. Infective softening.—Certain cases of puriform softening, similar, 
so far as the naked eye can detect, to the above, are accompanied by all 
the symptoms of septic poisoning. The wall of the affected vein is 
found acutely inflamed and often suppurating (Fig. 112); while any 
portions of the clot which enter the circulation are so charged with 
organisms that suppuration ensues wherever they are lodged (see 
Pyemia). The Streptococcus pyogenes is the organism most frequently 
present, and to it the infective properties of the broken-down clot are 
due. In the great majority of these cases the veins affected lead directly 
from a wound, and then the mode of entry of the specific micrococci is 
evident. In many cases, no direct infection can be traced. When 
infective softening is due to putrefactive bacteria the thrombus is con- 
verted into a stinking yellowish red fluid. 

Organization.—Organization of thrombi is most frequently observed 


Organization of a thrombus. a, middle coat of vein; b, proliferation of cells of internal coat; 
c, portion of unaltered thrombus infiltrated with leucocytes; d, spaces lined by spindle-cells 
forming the new vessels in the organized thrombus; e, site of old thrombus now occupied 
by spindle-cells and fibrillated tissue. > 200. (From a specimen by J. D. Rolleston.) 


in arteries which have been ligatured. By this procedure the middle 
and internal coats are divided ; the cut ends of these at once retract and 
become inverted, while a red thrombus forms on each side of the liga- 


FINAL CHANGES IN THROMBI. 209 


ture, extending from the divided ends until it almost or quite reaches 
the first collateral branch, The thrombus thus formed undergoes the 
changes deseribed under decolorization, and gradually disintegrates, 
playing a purely passive part in the subsequent process. The cut ends 
of the vessels undergo proliferative inflammatory changes. The intima 
becomes thickened, and the internal elastic lamina obscured and in places 


Fie. 114. 


Organized thrombus. The thrombus is replaced bya mass of fibrous tissue lined with endothe- 
lium. Two large channels have been formed, one (a) between the wall of the vein and the 
thrombus; the other (6) through the thrombus (canalization). Where the organization is 
most complete (c, c’) the wall of the vein is thickest. & 15. (From aspecimen by Dr. Rolleston.) 


broken up. The clot becomes gradually invaded and replaced by new 
cells derived from the endothelium and fixed connective-tissue cells 
of the vessel (Fig. 113) by what is apparently a proliferative inflam- 
mation. Channels lined with these cells traverse the clot, and here 
_and there separate it from the vessel-wall (Fig. 114). These ultimately 
form bloodyessels connected with the now enlarged vasa vasorum, by 
means of vessels entering by the eut end or by the spaces where the 
internal elastic lamina has disappeared. The vessels (Fig. 115) and 
channels (Fig. 114) in the clot occasionally communicate with the 
blood in the ligatured vessel ; eventually the clot becomes entirely 
replaced by fibrous tissue, reducing the affected portion of the vessel 
to a mere cord. In venous thrombosis the vessels and channels in the 
thrombus may communicate with the lumen of the vessel on both sides. 
In this way, by another form of canalization (p. 208), the cireulation 
may bezome more or less completely re-established. This is especially 
14 
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frequent at the junction of the common iliac veins in cases of white leg 
(phlegmasia dolens). It is rare in arteries. Complete organization 
depends to a large extent upon the 

Fie. 115. nutrition of the affected vessels, the 

| maintenance of asepsis, and the gen- 
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i Results.—The results of thrombo- 
i sis comprise certain changes in the walls 
of the vessels, more or less obstruc- 
tion to the circulation, and embolism. 
These must be considered separately. 
1. Changes in the Vessels.—Changes 
in the wall of the vessel are an inva- 
riable consequence of the formation 
of a thrombus. The changes which 
occur in the organization of a thrombus 
are really changes in the vessel-wall 
(p. 209) ; and when the thrombus un- 
dergoes a process of infective softening, 
acute inflammation takes place in the 
Longitudinal section of the ligatured end vessel-wall (p- 208). In many cases, 
of the crural artery of a dog—fiftydays however, the inflammation precedes as 


after the application of the ligature. 41] as follows the thrombosis, and must 
Showing the newly formed vessels in -) 


the thrombus and theircommunication be regarded as its immediate cause. 
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to the circulation, resulting from the 
formation of a thrombus, will depend upon the rapidity and manner of its 
formation, the nature and size of the vessel obstructed, the situation and 
number of the collateral branches and the force of the circulating current. 
The rapidity with which the obstruction is effected is of considerable 
importance, inasmuch as the more gradual the process the longer is the 
time allowed for the establishment of a collateral circulation. For this 
reason the interference with the circulation caused by thrombosis is, for 
the most part, less marked than that which results from the more 
sudden obstruction caused by embolism. 

The obstruction to the circulation may lead to (1) necrosis (pp. 32, 
33) with or without infarction (p. 215), and (2) dropsy (p. 196). Ne- 
crosis is especially likely to result from obstruction in the cerebral vessels, 
as the nutrition of highly specialized tissues, like the brain, suffers 
directly their blood-supply is interfered with. Infarction is a more 
frequent sequence of embolism than of thrombosis, and will be con- 
sidered in the next section. 

In the veins, when thrombosis occurs in a vessel of small size and 
when collateral branches are numerous, as in the prostatic or uterine 
plexuses, the circulation is but little interfered with, and no symptoms 
of obstruction result. If, however, the main trunk of a large vein, as 
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the ilio-femoral, becomes obliterated, the obstruction is followed by 
passive hyperemia and dropsy, the extent and duration of which will 
depend upon the facility with which the circulation can be restored by 
the collateral vessels. It must be remembered, however, that the 
valves in veins when they exist may, by preventing back-flow, offer 
a great impediment to collateral circulation. Thrombosis in the ilio- 
femoral vein frequently occurs, as already stated, in the later stages of 
many chronic debilitating diseases, especially in phthisis; also in the 
puerperal state, where it is frequently found in phlegmasia dolens. The 
extent of the thrombus, the number of collateral branches which it 
blocks, and the strength of the circulation, will do much to account for 
the amount of cedema. 

The results of obstruction in arteries are considered elsewhere 
(p. 214). 

3. Embolism.—Portions of the thrombus may be carried away by 
the circulation, thus constituting embolism. This, which is the most 
important result of thrombosis, will be considered in the following 
section. 


EMBOLISM. 


Embolism is the impaction of solid substances, circulating in the 
blood, in vessels which are too small to allow them to pass. A mass 
thus arrested is termed an embolus. 

The most frequent sources of emboli are (1) venous thrombi, portions of 
which are carried by the blood-stream from the seat of their formation. 
The other sources are: (2) fragments, especially of thrombi, detached 
from the walls or inflamed valves of the heart (see Endocarditis), or less 
frequently from the inner surface of arteries; (3) portions of new- 
growths—as sarcomata—which, having perforated the vessels, have 
been carried away by the current; (4) parasites which have made 
their way into the interior of vessels ; (5) fluid fat which has escaped 
from the fat-cells and entered open lymphatics—an occasional occur- 
rence in fractures and contusions ; and (6) pigment granules. 

A thrombus may produce emboli in various ways. (1) It may 
soften and break down, and its fragments be distributed by the blood- 
current. (2) Portions of a parietal thrombus, not filling the vessel, 
may be detached by the passing stream. (3) The most frequent way is 
that illustrated by the accompanying diagram. <A thrombus usually 
ceases at the junction of the vessel containing it with the first large 
collateral branch. The end of the thrombus—in arteries as well as in 
veins—nearest to the heart often extends as a firm conical projection into 
the lumen of this collateral branch (Fig. 110); and the strength of the 
blood-current, which is the chief factor in preventing the further exten- 
sion of the clot toward the heart, may break off this projecting end and 
sweep it into the general circulation. Some sudden movement or exer- 
tion often determines, in these cases, the separation of the fragment which 
isto form the embolus. Thrombi in the veins of the lower extremities 
and in the jugular veins are the most frequent sources of this accident. 
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Emboli become arrested in the first vessels which are too small 


to allow them to pass. 


Diagram to show phenomena 
of venous thrombosis. v,v’, 
valves of veins; a, ), pri- 
mary thrombus (white); 
c,d, é, f, g, secondary white 
thrombi connected with 
primary white thrombus 
by various red thrombi; h, 
piece of white thrombus 
becoming detached by 
blood current. (Modified 
from Thoma.) 


Usually, therefore, the seat of impaction will 
be at the bifurcation of a vessel, or at some 
point where, from the giving off of large 
branches, the calibre diminishes suddenly (Fig. 
117). The particles may be so small as to pass 
through even the finest capillaries, and not give 
rise to any symptoms ; or they may pass through 
large capillaries, like the pulmonary, to be 
arrested in a finer set beyond ; but, as a rule, 
they are impacted either in the first set of 
capillaries to which they come, or in some larger 
vessel between these and their seat of origin. 
Thus emboli originating in the systemic veins, 
in the right cardiac cavities or in the pulmo- 
nary artery, will most commonly become ar- 
rested in the vessels of the lungs. Emboli 
originating in the pulmonary veins, in the left 
cardiac cavities, or in the arteries, will be simi- 
larly impacted in the systemic arteries and 
capillaries, especially in those of the spleen, 
where the circulation is slow; and of the brain 
and kidney, where the capillaries are very small. 
Finally, emboli originating in any of the organs 
supplying the portal venous system will block 
branches of the portal vein in the liver. With 
the exception, therefore, of emboli originating 
in the portal system, the seat of arrest is usually 
the arteries or capillaries. 

Emboli are carried usually in the direction 
of the main current; hence those carried by 
the aortic stream pass into the thoracic aorta 
more commonly than into the carotid or sub- 
clavian vessels, and into the left carotid or left 
renal artery more often than into the correspond- 
ing artery of the opposite side. Gravitation also 
influences the direction in which they are carried, 
especially those of large size, which move some- 
what more slowly than the blood-stream ; hence, 


they are more common in the lower lobes and posterior parts of the 
Jungs than in the superior and anterior portions of these organs (p. 
219). Itis found experimentally that small bodies injected at intervals 
into the jugular vein are often swept into the same division of the 
pulmonary artery. 

It is not uncommon to find that the small vessels of an area, of 
which the supplying artery is plugged, also contain emboli. This may 
be accounted for in two ways. First, if, as is frequently the case, the 
artest takes place at a point of bifurcation, the embolus may not be 
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large enough to block either branch, but may allow a small stream of 
blood to pass into each vessel; this may break off portions of the 


original embolus, and so produce secondary emboli, 
which become impacted in the smaller divisions 
of the same main trunks. The second mode is 
by the detachment of several small fragments from 
some distant source, which subsequently yields a 
mass large enough to block the main trunk. 

The amount of obstruction which immediately 
follows the arrest will depend upon the nature of the 
embolus as well as upon its size and shape. If the 
embolus be from a soft, recently formed thrombus, it 
will be at once moulded to the cavity of the vessel, 
which will thus be immediately and completely 
plugged. If, on the other hand, it is irregular in 
shape and firm in consistence, as when derived from 
a calcified cardiac vegetation, it may not completely 
fill the vessel, but allow a small current of blood to 
pass. 

The arrest of the embolus, and the consequent 
obstruction to the circulation, is followed by the for- 
mation of thrombi (secondary), behind and in front of 
it, which extend as far as the junction of the first 
large collateral vessels (Fig. 117). If the embolus 
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the bifurcation of 
a branch of the 
pulmonary artery. 
Showing the for- 
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far as the entrance 
of the next collat- 
eral vessels, E, em- 
bolus; ¢, /%, secon- 
dary thrombi. (Vir- 
chow.) 
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does not completely fill the vessel, successive layers 

of thrombus are deposited upon its surface until the occlusion of the 
vessel is complete, and then the secondary thrombus extends, as in 
the former case, until it meets with a current of blood strong enough 
to arrest its progress. If the embolus is a portion of a red thrombus, 
it will in most cases be impossible to distinguish it from the secondary 
thrombus which surrounds it. If, however, it is a calcareous mass, or 
a portion of a white thrombus, it may usually be distinguished from the 
more recent secondary coagulum. 

Fragments of a damaged liver have, in rare cases, been carried from 
the right auricle through a patent foramen ovale, and thus lodged in 
the kidney or the brain without passing through the lungs. To this 
phenomenon the name of paradoxical or crossed embolism has been 
In other equally rare instances, portions of venous thrombi 
or of new-growths projecting into the interior of the veins seem to have 
made their way up-stream towards the capillaries. This procedure is 
possibly due to some intermittent and local reflux of blood. The con- 
dition is known as retrograde embolism. 

Emboli, derived from thrombi, may undergo the same secondary 
changes as the latter (p. 206). 


Effects.—The results of embolism may be divided into (1) those 
depending upon obstruction to the circulation, and (2) those due to the 
composition of the emboli. 
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I. Effects due to Obstruction to the Circulation Sudden and complete 
arterial obstruction may produce (1) no noticeable effects beyond cer- 
tain changes in the vessels, such as are necessary for the restoration of 
the circulation under the altered conditions ; (2) slight damage to the 
tissue-elements, in some cases only noticeable from the consequent 
functional defects ; or (3) necrosis of the whole area supplied by the ob- 
structed vessel. These effects again depend upon (1) the extent of the 
arterial anastomoses, (2) the readiness with which these can be utilized, 
and (3) the dependence of the affected part on its blood-supply. 

(1) Extent of Arterial Anastomoses.—W hen the arterial anastomoses 
are free and the vessels concerned are healthy, the sudden and complete 
obstruction of an artery, such as the radial, is followed by contraction 
of the central end of the obstructed artery—from the site of the block 
to the nearest collateral branch—and by dilatation of the arteries in the 
area supplied by the blocked vessel, as well as of those through which 
blood can be conveyed to them. The dilatation of the latter vessels 
follows, and possibly depends upon, increased velocity of the blood- 
stream (Thoma) ; and both changes are probably due to the lowered 
resistance in the anastomosing vessels, and not to increased pressure 
from behind, as is shown by the contraction of the upper part of the 
obstructed vessel already alluded to, and by the limitation of the 
increased blood-flow to those arteries which actually supply the anasto- 
mosing vessels. 

Infarction.—In some organs, such as the spleen and kidney, the 
arteries have capillary, but no arterial, anastomoses with the neighbor- 


Fig. 118. 


White infarct of the kidney. The whole of the pale area is necrosed, and the darker central part 
is undergoing secondary changes. The dark area outside is due to hyperemia. 


ing vessels. Such arteries are called end or terminal arteries. Each 
of these arteries supplies a conical compartment of the organ in ques- 
tion. The base of the cone is on the surface of the organ, while its 
~ apex points toward the centre, and corresponds to the point of entrance 
and exit of the artery and vein respectively, The possible means of 
access which the blood has to such a portion of tissue are, the main 
artery and vein just mentioned, the small vessels passing from the cap- 
sule into the cortical part of the organ, and the capillary anastomoses 
with the neighboring vessels on each side. 

If the main artery supplying one of these conical segments of tissue 
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becomes blocked, necrosis and degenerative changes will occur in it; 
for the capsular vessels and the lateral anastomoses together are unable 
to maintain the nutrition of the part. If the tissue thus deprived 
of blood be freely supplied with coagulable lymph it will undergo 
coagulation-necrosis and form a pale, solid, clearly defined cone, known 
as a white infarct (Fig. 118). In some organs and under some circum- 
stances the necrosed area will gradually become infiltrated with red 
corpuscles, and a blackish-red cone with a slightly raised base will be 
formed. This is known as a red infarct (Fig. 119). Recent infarcts 
of both kinds are surrounded by a hyperemic zone (Fig. 118). Red 
marcts are common in the lungs and intestine and white infarcts in the 
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Red infarct of the lung. a, centre of infarct; b, projection of pleura caused by infarct; c, apex 
of infarct where opened-up artery bifurcates ; d, d’, hyperemic lung-tissue. 


kidney and retina. Infarcts in the spleen and in the muscular walls 
of the heart may be white or red. When no coagulable lymph is 
present, as in the brain, necrosis occurs without infarction, _ 
Later Changes in Infarction.—In the case of a small red infarct, 
if the embolus is free from virulent organisms, the coagulated blood grad- 
ually loses color, becoming brown or yellow, and absorption proceeds 
slowly. In the case of a similar small white infarct, the tissue-changes 
are more clearly seen than in the red infarct, where they are obscured 
by the extravasated blood. In the white infarct, lymph reaches the 
part by transudation from parts around, the cells swell, lose their 
nuclei, and blend—in fact, undergo coagulation-necrosis (p. 34): thus 
the well-known white wedges are formed. The more external portions 
of this mass of coagulated blood and necrosed tissue become infiltrated 
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with multinucleated leucocytes, and a pink layer of granulation-tissue 
is gradually formed around the mass. The granulation-tissue is sub- 
sequently replaced by fibrous tissue: this contracts, and ultimately 
a depressed scar may be all that remains to indicate the change. The 
central parts of a large infarct may soften, but the general changes and 
ultimate results are the same. 

If pyogenic cocci are present in considerable numbers suppuration 
will follow, and the infarct become converted into an abscess (see 
Pyzemia). 

(2) The effects of arterial obstruction will also depend upon the readi- 
ness with which the existing anastomoses can be utilized. Bier maintains 
that there is a marked physiological difference between the limbs and the 
viscera in this respect—the existing anastomoses being readily available 
in the limbs, but not in the viscera. In some instances, however, the 
inefficiency of existing anastomoses is capable of a mechanical explana- 
tion. Spasm of the intestine interferes with the circulation in its walls 
(Mall), and spasm of the intestine is one of the earliest results of em- 
bolism of the superior mesenteric artery. The spasm is, therefore, 
a sufficient reason for the failure of the anastomoses to preserve the 
nutrition of the intestine, which generally undergoes gangrene when 
a branch, supplying more than two inches of its length, is blocked. 

Calcification or other disease of the anastomosing vessels, or of the 
arteries supplying them, by preventing dilatation may interfere with 
the restoration of the circulation in the affected part, and thus lead to 
gangrene. 

(3) The organs in the body vary much in the extent to which they 
depend upon the regularity of ther blood-supply. Among those which 
are most susceptible to defects in the circulation are the cells of the 
central nervous system, intestine and kidney. Obstruction of a 
common carotid artery may be followed by partial hemiplegia and, if 
it is maintained, by cerebral necrosis, although no other artery supply- 
ing the circle of Willis is blocked. The ganglion-cells of both brain 
and spinal cord die if deprived for half an hour of their blood-supply. 
Temporary blocking of the renal artery in a rabbit for two hours is 
followed by necrosis of many of the epithelial cells (Litten). The tissues 
of the skin and periosteum are probably the least susceptible of all. 

Cessation of function soon follows cessation of nutrition. The 
effects of this may be extremely serious ; thus, plugging of one of the 
larger cerebral arteries is generally followed by sudden loss of con- 
sciousness and paralysis ; plugging of the pulmonary artery, by sudden 
asphyxia ; and plugging of one of the coronary arteries, by sudden 
paralysis of the heart. 

Pathology of Red Infarction Very different explanations have been 
offered of the exact source of the blood in a red infarct. 

Cohnheim thought that when emboli blocked terminal arteries, 
hemorrhagic infarction was the almost invariable result. In_ his 
opinion, and according to his results, blocking of the artery was at 
once followed by regurgitation of blood from the principal veins into 
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the capillaries, which thus became engorged. Red corpuscles then 
made their way through the capillary walls into the surrounding 
tissues, the permeability of the capillaries having been increased by 
deprivation of arterial blood. This view at the present time finds 
but few supporters. Other observers, repeating Cohnheim’s experi- 
ments, failed to see the regurgitation which he described; while it 
has been conclusively shown (1) that, if both artery and vein are 
simultaneously blocked, the subsequent hemorrhage will be still more 
marked ; and (2) that if, in addition to the main artery, every other 
source of blood-supply except that through the principal vein be closed, 
necrosis without any hemorrhage will result ; or, in other words, that 
red infarction will not occur. Nor does increase in the permeability 
of the vessel-walls appear to be an important factor, for though, as 
Cohnheim pointed out, deprivation of the blood-supply for many hours 
will cause increased permeability of the capillary walls, yet hemorrhagic 
infarction can take place long before any such change in the vessel- 
wall has been produced. 

In all probability the diapedesis of the red corpuscles depends on 
marked slowing of the arterial current, by which all distinction between 
the axial and peri-axial streams (p. 202) is lost, combined with marked 
increase in the capillary and venous pressure. The red corpuscles are 
thus brought into contact with the capillary walls, and possibly pass, 
along with the lymph, between the endothelial cells (Welch). The 
natural permeability of the capillaries, which is known to be different 
in different parts of the body, may not improbably be a factor in the 
process. 

Litten showed that red infarction of the kidney usually depends 
on the integrity of the capsular arteries, and that it does not occur if 
these are separated from the kidney before the main artery is blocked. 
The results of Mall and Welch, however, furnish the most convincing 
proofs. These observers ligatured all the vascular communications 
of the intestine, with the exception of the main artery and vein, and 
then tied the bowel above and below so that the included portion was 
supplied by the main artery, and the blood returned by the main vein. 
Under these circumstances no infarction resulted. They then gradually 
constricted the main artery, and found that when it was sufficiently 
compressed to stop the lateral pulsations in its branches, or, in other 
words, to reduce the pressure in them to about one-fifth of the normal, 
hemorrhagic infarction appeared. The same observers in other experi- 
ments found that the same reduction of arterial pressure generally 
occurred when infarction was in progress. Why some infarctions are. 
red, and others white, seems therefore to depend, as has been suggested, 
on local differences in the blood-pressure. If the arterial pressure 
does not fall below seventy-five per cent. no infarction occurs, if it falls 
from between seventy-five to eighty per cent. red infarction results, 
and if it falls to zero, white infarction follows. 

These observations will also explain why, in the large majority of 
cases, no infarction occurs when a truly terminal artery is blocked ; 
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and why an infarct in the spleen may follow thrombosis in the splenic 
veins without any obstruction in the artery. 

II. Effects due to Composition of the Embolus.—A_ simple embolus, 
such as a piece of non-infective fibrin or a fragment of a calcareous 
plate, with its secondary thrombi, will usually be absorbed or lead to 
proliferative arteritis and organization (p. 208). An infective embolus, 
that is, one containing micro-organisms and derived from an infective 
source, may in some instances only produce results similar to those 
caused by a non-infective embolus. Infective emboli of somewhat 
greater virulence may lead to a more acute form of arteritis in which 
the intima and internal elastic lamina are destroyed and the media 
weakened—an aneurism not infrequently resulting. This is indeed 
now held to be the pathology of most aneurisms occurring in people 
too young to be suffering from atheroma or acquired syphilis ; and, as 
the emboli are usually small or of moderate size, aneurisms from 
embolism affect especially the cerebral arteries and the smaller arteries 
of the limbs, from the size of the brachial downward. 

Virulently infective emboli give rise in most cases to suppuration 
in addition to the other results of embolism already described (see 
Pyzemia). 


Capillary Emboli. 


These generally consist of fat, masses of organisms, clumps of white 
blood-corpuscles, pigment-granules, or air. 

Fat Embolism.—In fractures, contusions of subcutaneous tissue, 
ruptures of fatty liver, acute osteomyelitis, and other morbid conditions 
in which fat-cells are broken up and the fat set free, the droplets are 


Bie 120: 


Fat-embolism of lung. From bad compound fracture of leg and severe subcutaneous laceration. 
The black masses are drops of fat, stained with osmic acid, lying in capillaries and arterioles 
of alveolar walls. 40. (Boyd.) 


absorbed by the lymphatics and veins, especially when pressure in the 
part is increased by inflammatory effusion or hemorrhage. On reaching 
the right side of the heart they are carried into the pulmonary arterioles 
and capillaries, where their presence may easily be demonstrated by 
staining with osmie acid (Fig. 120). One by one these soft and easily 
moulded plugs are swept on to the left side of the heart, and distributed 
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by the systemic circulation to other organs, in which also they may be 
very numerous. Fora time fresh emboli are constantly reaching the 
lungs, but when this ceases the fat-masses are passed on to other organs 
and eliminated, in part at least, through the kidneys. Fat-embolism is 
believed by some to be the cause of death after simple fractures—a very 
rare event. But as large quantities of fat may be introduced into the 
vessels of the lungs of animals without causing any symptoms what- 
ever, some scepticism is justifiable. If a sufficiently large number of 
the capillaries of the lung, or any other organ, be blocked by fat, its 
function will, of course, be interfered with; and in the case of some 
organs this would mean speedy death. It is probable that the lungs 
always contain, proportionately, many more emboli than any organ 
supplied by the systemic circulation. It has been ascertained that half 
the pulmonary blood-path may be obstructed without the general circu- 
lation being thereby disturbed (Cohnheim). It is therefore supposed 
that, as a rule, the passage of fat on to the systemic circulation keeps 
the number of plugged capillaries below the point of danger. In 
acute osteomyelitis it is probable that the fat-drops may serve as carriers 
of pyogenic cocci from the seat of inflammation and cause the impaction 
of these organisms in vessels which they would otherwise pass through 
freely. 

Air entering the veins may give rise to embolism. Here, as in fat- 
embolism, to cause death, air must be injected so quickly and in such 
quantity that the blood in the right side of the heart is churned into 
foam, which the viscus is unable to force through the pulmonary vessels. 
Death is due to failure of the right side of the heart, combined with 
varying degrees of pulmonary embolism, cerebral anzemia, and defective 
coronary circulation. 

Clumps of leucocytes, and possibly of bacteria, may form emboli, 
‘giving rise to petechize, in septic fevers. Pigment-granules, probably 
parasitic in origin, have caused capillary embolism in malaria (p. 249). 


Infarction of the Lung—Pulmonary Apoplexy. 


The so-called infarcts of the lung are most commonly met with in 
eases of mitral stenosis, and to a less extent in those of mitral regur- 
gitation. They are found in the lower lobes and in the lower and 
outer parts of the upper lobes. In most cases they are irregularly 
conical, but occasionally nearly globular (Fig. 121). In diameter they 
vary from that of an entire lobe to a fraction of an inch. Blackish 
red, firm, dry, with well-defined margin, often multiple and occasion- 
ally confluent, they present superficial resemblances to tumors on the 
one hand and to lobar pneumonia on the other. From the former they 
are distinguished by their color, shape, position, and the conditions 
under which they occur; from the latter, by their number, shape, 
darker color, and better defined limits. They are not infrequently the 
starting-points of a hypostatic pneumonia, and are then less easily 
recognized. In such cases the adjacent portion of the visceral pleura 
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is roughened by the inflammatory exudation on its surface, while, in 
the substance of the organ, the masses are welded together, their color 
mottled, and their edges obscured. 

Mode of Formation—There can be no doubt but that these masses 
consist of tissue which has undergone coagulation-necrosis and of 
extravasated blood ; or, in other words, that they are red infarets ; but 
there is considerable difference of opinion concerning the reason of 
their appearance in the tissues. They are variously regarded as the 
products of embolism, thrombosis, or rupture of the pulmonary vessels. 

-In favor of embolism of one or more branches of the pulmonary 
artery may be urged (1) the frequent existence of a thrombus in the 


Fig. 121. 


Infarct of the lung. a, centre of infarct; b, base of infarct causing projection on surface; ¢, 
section through artery, a branch of which supplies infarcted area; d, d’, hyperemic lung 
tissue. 


right auricle ; (2) the occasional discovery of an embolus in the largest 
artery entering the infarct ; (3) the general resemblance which these 
masses bear to infarcts of the spleen and kidney ; and (4) the possibility 
of producing them experimentally. Against embolism as the sole cause 
are (1) the not infrequent absence in these cases of thrombosis and all 
other known causes of embolism either in the systemic veins or in the 
right auricle ; and (2) the still more frequent failure to find an embolus 
in any branch of the pulmonary artery itself. 

That thrombosis is at least an occasional cause of “ pulmonary apo- 
plexy ” is inferred from (1) the existence, in a few of the cases, of 
atheroma in the pulmonary artery ; (2) the presence of a thrombus 
(without any sign of embolism) in the main artery supplying the 
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infarct ; and (3) the extreme retardation of the blood-current at the 
time the “infarct ” is formed. On the other hand, all these phenomena 
may exist without any infarction. 

Unquestionably the most constant condition present in these cases 
is a marked diminution in the velocity of the circulation and a long- 
continued and marked increase in the pressure in the pulmonary veins 
and capillaries, combined in most cases with blocking of the main artery 
supplying the infarct. 

It will be readily understood from what has already been remarked 
(p. 226) that these conditions are exactly those likely to produce infare- 
tion ; it is therefore reasonable to suppose that both embolism and throm- 
bosis may be factors in its causation, and that it may in some cases occur 
without the presence of either of these conditions. 


Fig. 122. 


Infarction of the lung. The alveoli are crammed with red corpuscles and contain a few larger 
pigment-bearing cells, probably leucocytes. The alveolar capillaries are less distended than 


in pneumonia. (See Fig. 88.) 120. 


Embolism of a large branch of the pulmonary artery causes rapid 
death from heart-failure and asphyxia: experimental embolism of a 
medium-sized or small branch generally produces no marked change, 
as the anastomoses are free and usually sufficient. In disease, however, 
the lungs have in most cases undergone the changes described under 
Passive Congestion (p. 204), and the heart’s action is generally feeble. 
It is therefore natural to find that in disease, more often than in experi- 
ments, embolism and thrombosis give rise to infarction. 

Infarction can be produced in the lung experimentally by many 
different procedures. Simple plugging of a small branch of the pul- 
monary artery is never a sufficient cause ; but Fujiami found that infare- 
tion occurred if a main artery was simultaneously blocked. 

Cone-shaped hemorrhages into the lung-tissue may be due to the 
rupture of over-distended vessels. Obstruction of a small bronchial 
tube occurs and leads to collapse of the corresponding part of the lung. 
The consequently diminished external pressure on the walls of the vessels 
in the collapsed area leads to the over-distention of the vessels and 
occasionally to their rupture. 


CHAPTER VIII. 
FEVER. 


By the term “ fever” is meant an abnormal rise in the temperature 
of the body, together with other changes due to increased combustion 
of the tissues and abnormal exchange in material. 


Temperature in Health.—It is usually stated that the mean daily 
temperature of the body is 98.4° F. This statement is only approx- 
imately correct, for the temperature varies (1) in different parts of the 
body, (2) with the time of day, and (8) according to the age of the 
patient. The variations due to these factors are greater in ere than 
in health. (1) The normal temperature of the surface of the body is 
always lower than that of the internal parts. Moreover, it is lower 
in proportion as we pass from the trunk toward the periphery, as well 
as more liable to variation from change in external conditions. In the 
mouth it is about 98.3° F.; in the awilla, 98.4° F. (86.9° C.); and in 
the rectum, 98.9° F. (37.2° C.). It is essential, therefore, if results 
are to be compared, that all observations be made in the same place. 
Accurate results are most readily obtained in the rectum. The avzilla is 
less liable to variations in temperature than the mouth. In infants 
the temperature may be conveniently taken in the fold of the groin. 
(2) The time of the observation must always be stated, for the tem- 
perature rises during the day, reaching its maximum between five and 
eight o’clock in the evening, and falls during the night to its minimum 
between two and six o’clock in the morning. (3) The average tem- 
perature of an infant or young child is slightly higher than that of an 
adult: in the aged it may be slightly below the average in the adult. 
The full range between all these extremes is from 97° F. to 100° F.; 
though the average range is rather less (97° F. to 99.2° F.). 

The regulating (thermotactic) mechanism is less easily disturbed as 
age advances. ‘The temperature of young children is easily raised or 
depressed : an attack of crying may cause a distinct rise. In old age, 
on the other hand, when the exchange of material is small, the tem- 
perature is more easily depressed than raised. For this reason a slight 
rise of temperature in the aged is of much graver significance than 
in the average adult, and in the former even acute forms of inflamma- 
tion may be present without any accompanying rise of temperature. 
The effect of food is to excite metabolism in’ the large mass of gland- 
tissue connected with the alimentary tract, and to cause a slight rise 
of temperature: the taking of food may, ‘therefore, quicken a rise or 
retard a fall. The effect of ordinary exercise is to produce a rise: 
severe exercise, such as prolonged running, may cause a rise of one or 
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two degrees or even more. Mental exertion, unless accompanied by 
excitement and muscular activity, has little effect upon the temperature. 
The greater activity of the tissues and the combustion of the ingesta 
are the most obvious reasons for the higher temperature during the day. 
A similar daily variation is observed in the respiration and pulse, in 
the discharge of urea, and carbon dioxide, and in the intake of oxygen. 
The diurnal variation, however, occurs in persons confined to bed and 
deprived of food, so that the explanation may lie in the diminution 
of tissue-activities during sleep. In those people who are in active 
work during the night, and are asleep during the day, the normal 
course of the temperature is reversed. 


Symptoms of Fever.—Since the introduction of the clinical ther- 
mometer the term “fever” has come to be almost synonymous with 
that of “rise of temperature.” This latter condition is certainly the 
most easily ascertained, the most readily recorded, and, on the whole, 
the most reliable symptom of fever. The course of the temperature in 
all febrile attacks is divisible into three stages: (1) the onset, or period 
of rise ; (2) the aeme, fastigium, or stationary period, during which the 
temperature is more or less at its height ; and (3) the fall, decline, or 
period of defervescence. 

The onset may be sudden, the temperature rising three to seven 
degrees before the end of the second day ; or it may be gradual, rising 
every evening, and falling slightly every morning, until the full height 
is reached, as in typhoid fever. The sudden onset is frequently accom- 
panied by an intense sensation of cold and a violent attack of shiver- 
ing, known as a rigor. The arterioles of the skin are contracted, and 
though the internal temperature is rising rapidly, the skin is cooler than 
normal, and the ordinary loss of heat from this source is diminished. 
In children in whom the controlling power of the nervous system is 
less developed than in later life, a convulsion often takes the place of 
the rigor. The gradual onset may be marked by slight chilliness, but 
very rarely by rigors. 

The fastigium, or second stage, may be over in a few hours, or may 
last for weeks. The temperature may remain at a fairly constant level, 
or it may oscillate several degrees each day. 

The final stage of fever, like the onset, may be sudden or gradual. 
When sudden, it is said to end by crisis. The drop is often accom- 
panied by “ critical ” sweating, or diarrhoea ; and even when the internal 
temperature is normal, the patient, guided by the sensations usual in 
sweating, may feel uncomfortably hot. Sometimes the fall is so rapid 
and so marked that the patient may be in danger of dying, and may 
even die, of collapse. When the fall is gradual it is said to end by 
lysis. This is analogous to the corresponding form of onset, as the 
temperature falls by a series of morning drops, broken by slight rises 
in the evening. The special types of fever characteristic of some dis- 
eases are in all probability dependent on peculiarities connected with 
the growth of special parasites (see Malaria). When fever ends in 
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death, the temperature generally rises just before this occurs, and may 
occasionally go on rising for a short time afterward. 

A febrile temperature almost always exhibits a tendency to rhythmic 
daily variation like the normal temperature—being higher in the 
evening than in the morning. Sometimes the opposite is the case, 
and the temperature is then said to be of the inverted type. When the 
daily variation does not amount to much more than two degrees, the 
fever is termed continued. When the variation is greater than this, the 
fever is remittent ; of this type hectic fever, which accompanies chronic 
suppuration, is a good example. When the drop between two maximum 
points reaches or falls below normal—so that there is a fever-free 
period—the fever is said to be intermittent ; of this variety malaria 
is the type. 

The extent of the rise of temperature varies greatly. Certain 
terms are sometimes employed to express the average height of the 
temperature. It is, however, quite as easy, and always better, to give 
the figures themselves. Above 107° F’. the fever is called hyperpyrexia, 
and a temperature at or above this point, enduring for any length of 
time, is usually fraught with the greatest danger to life. In such cases 
prompt measures are necessary to prevent death. 

So-called paradoxical temperatures even up to 128° F. have been 
recorded as occurring in hysterical individuals who are very liable to 
disturbances of body-temperature. The extraordinary rise in tempera- 
ture is often quite local, and is out of proportion to the general symp- 
toms. Such cases should be viewed with the gravest suspicion. 

High temperature is generally accompanied by cloudy swelling 
of the tissues, and, if prolonged, by fatty degeneration ; poisons circu- 
lating in the blood have very likely a share in producing this result 
(p. 43). 

Apart from rigors and chilliness, which are usually associated with 
the onset, the earliest symptoms, as regards the nervous system, are 
headache, incapacity for self-application, general sluggishness of mind, 
loss of self-control, and hypereesthesia of the special senses. Delirium 
is frequent—at first at night, and for short periods only, but later on 
more marked and even constant. Vague muscular pains are common 
in early stages; even in their absence, unwillingness for exertion is 
marked. The muscles waste rapidly and their movements become 
weak and tremulous. The nervous system has a large share in pro- 
ducing tremor and prostration, and is responsible for such a symptom 
as constant picking at the bedclothes (carphology). In fever the 
frequency of the heart-beats is increased. This result can be obtained 
experimentally by the application of heat. Yet the rapidity of the 
pulse bears no reliable proportion to the height of the temperature. 
It is much greater in some diseases than in others ; for example, in 
scarlatina than in typhoid. The heart, among other muscles, fails 
progressively in quality and power, and as it does so its beat becomes 
more frequent and less effective. Here again the nervous system may 
be partly at fault, the inhibitory influence of the vagus being impaired. 
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Similarly, arterial tone is progressively lost. The result of the pro- 
gressive failure of the heart-force and arterial tone is that the pulse, 
which in a healthy individual at the commencement of a long fever is 
quick, full, strong, and often inclined to hardness from high arterial 
tension, becomes, as the disease progresses, quicker, softer, and fuller, 
though no further rise of temperature has occurred. The softness and 
fulness of the pulse are due to loss of arterial tone while the heart-beat 
is still strong ; the softness increases as the arterial tone yields. Later 
on, the size diminishes as the still more rapidly beating heart fails to 
fill the vessels. Ultimately the pulse is very small, soft, and frequent, 
or, as it is termed, thready. Increasing frequency of pulse with a steady 
or falling temperature is often regarded as the sign of a failing heart ; 
though the “ quality ” of the first sound really affords an earlier indica- 
tion of its occurrence. 

Respiration is quickened. This change, like the increased fre- 
quency of the pulse, is possibly due in some measure to the effect of 
the rapidly heated blood—in this case, on the respiratory centre, as 
it can be induced experimentally by similar means. The oxygen 
absorbed and the carbon dioxide exhaled are increased during the 
initial rise in temperature, but both fall to their normal level if the 
fever is prolonged. 

Digestion is impaired, for the secretions from the glands dis- 
charging into the alimentary tract are diminished. Appetite is lost 
anorexia), and its place is taken by thirst. The tongue is dry and 
often furred. There is usually constipation, due probably to sluggish- 
ness of the intestinal muscle, to lack of secretion, and perhaps to 
absence of some of the normal stimuli to contraction. Excretion, as 
tested by the rapidity with which certain ingesta appear in the urine, 
is said to be slow in fever. Although the amount of fluid taken is 
larger than in health, the urine is small in quantity, has a high specific 
gravity, yields a copious precipitate of urates, and contains an excess 
of urea, uric acid, potassium salts, and pigment (pathological urobilin). 
The chlorides are diminished. With the excess of coloring matter in 
the urine may be taken the fact that in fever there is a progressive 
decrease of red corpuscles and, according to some, corresponding increase 
in the amount of iron eliminated in the urine. According to Hayem 
both hematoblasts and red corpuscles are less numerous during the 
stationary period of fever. Directly the fall in temperature begins, 
the number of hzmatoblasts increases, reaching its maximum a day or 
two after the disappearance of the feyer. During the following week 
it gradually sinks to normal. An increase in the number of red cor- 
puscles and a simultaneous diminution in the proportion of hemoglobin 
they contain, closely follow the increase in the hematoblasts. The rise 
in the percentage of hemoglobin completes the return of the blood to 
its normal state. 

The increase of wrea excreted is one of the earliest changes, and may 
even precede the rise of temperature. The excess is generally absolute : 
sometimes it is only relative; that is, more is passed than would be 
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excreted by a healthy man confined to bed on a similar diet. There is 
usually a marked increase at the commencement of defervescence : this 
is most likely due to an accumulation of its precursors in the blood or 
tissues. 

Post-mortem Rise of Temperature.—A slight rise of temperature often 
occurs after death, especially in those dying suddenly or of acute diseases. 
It is most marked in cases of fever due to the presence of bacterial 
products in the blood, and in cases where death occurs with a high and 
rising temperature. Tetanus is probably the best example. The ex- 
planation is, that cessation of the action of the heart is not accompanied 
by immediate extinction of tissue-change. Thermogenic processes con- 
tinue for a longer or shorter time; and thus, while the production 
of heat ceases gradually, the loss of heat, being largely dependent on 
the respiration and circulation, is cut down so suddenly, that the rectal 
temperature rises for a brief interval, and then falls gradually, as in 
other cases. 


Pathology of Fever.—The foregoing account has shown that the 
essential condition in fever is increased thermogenesis combined with a 
disturbance of the heat-regulating process or thermotazis, whereby the 
normal balance between heat-production and heat-loss is upset. The 
thermogenesis is due to increased breaking-down of the tissues and espe- 
cially of the muscles and the glands. As has been already indicated, 
by increased thermogenesis is meant that a febrile patient will produce 
more heat in a given time than a healthy person upon the same diet and 
under similar circumstances ; not necessarily more than a healthy per- 
son on ordinary diet, though even this may be the case. The febrile 
patient takes less food and the increase in heat he produces is due to the 
excessive combustion of his tissues. Traube held that diminished loss 
of heat was the principal cause of the raised temperature in the body 
of a febrile patient, and that this was brought about by an energetic 
contraction of the vessels of the skin. But such a contraction of ves- 
sels is by no means constant, and when it occurs is not of long persist- 
ence. Moreover, a high temperature and a freely sweating skin often 
occur together, and calorimetric observations have actually demonstrated 
the increased thermogenesis. If support is required for the view that 
fever is dependent on increased destruction of tissue, it is found in the 
proportionately increased discharge of urea. 

Thermogenesis is under the control of the central nervous system, but 
in the present state of knowledge it is impossible to speak certainly of 
the position of the controlling centre, of its function, or of the paths of 
its afferent and efferent fibres. It is evident that the causes of fever 
may induce the increased thermogenesis, either by acting directly upon 
the tissues or by acting on them indirectly through the nervous system. 
In certain cases, e. g., nervous or hysterical fever, it seems impossible that 
the cause can act upon the tissues otherwise than through the nervous 
system, but in the majority of cases it may act either way. 

It has been shown that thermogenesis may be increased enormously 
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in health without any rise of temperature, and it is therefore believed 
that fever involves a disturbance of thermotaxis, whereby the balance 
between heat-production and heat-loss is disturbed. If this balance 
were maintained, as in health, a stable temperature at a higher level 
than the normal would result. But the chief characteristic of the tem- 
perature in fever is its variability. Cold, food, excitement, effort, anti- 
pyretic drugs, all affect the temperature in fever much more markedly 
than they affect the temperature in health. As MacAlister says, the 
usual daily fluctuation of the temperature in fever shows merely that 
all the thermal processes are not utterly disturbed, some which are 
rhythmic in health remaining so in disease. 


Varieties.—Fevers may be divided into the infective and non-infec- 
tive. The infective fevers are those due to the multiplication, in the body, 
of a micro-parasite. This explanation serves for the group of “acute 
specific fevers,” malaria and febrile diseases in which there is no inflam- 
mation present, at least in the early part of their course. These consti- 
tuted the old groups of primary or essential fevers. In some (typhus, 
malaria) there is no inflammation ; but in many, an inflammation appears 
(of throat, nose and eyes, skin, intestine)—too late and often too slight to 
account for the fever present.. There are also the cases of fever secondary 
to a wound through which organisms have gained access to the body— 
€. g., septic infection, pyzemia, erysipelas, and lymphangitis ; and the 
large group of fevers secondary to inflammations (¢nflammatory fevers, 
eé.g., phthisis), all of which are infective. In most of these “sec- 
ondary” fevers the fever-producing materials are manufactured by 
organisms in some definite part of the body, and are thence cast into 
the blood. 

The non-infective group includes, first of all, two wound diseases : 
(1) simple traumatic fever, and (2) a more intense form, acute septic pot- 
soning or sapremia. (See Septicemia.) Simple traumatic fever en- 
sues upon “simple” injuries (contusions and fractures). It is generally 
slight, and is most probably due to the absorption of fibrin-ferment (and 
very likely other pyrogenous bodies) from the seat of injury : possibly 
irritation of nerves—by the original injury or by fragments of bone or 
tissue—may have some effect in causing the fever, though strong irrita- 
tion of a sensory nerve causes depression of temperature. The fever 
which occurs in aseptic wounds is probably due to the same causes as 
the simple traumatic. Nervous (hysterical) fever is supposed to be due 
to the defective control of the central nervous system over the regula- 
tion of temperature. The rises of temperature which, in children , puer- 
peral women, and other weakly adults, occur from various emotions and 
other slight causes—e. g., the rise which is so commonly found after an 
entertainment has been held in a hospital-ward—seem to be examples 
of nervous fever. This form is unaccompanied by the other phenomena 
of fever (p. 223). 


CHAPTER IX. 
PARASITES. 


A PARASITE is an organism which obtains its food and lodging at 
another organism’s expense, without destroying it and without render- 
ing it service. 

Human parasites may be classified according as their habitat is on 
the surface of the body (evternal) or in its interior (internal). Some 
parasites are wholly parasitic ; others only partially parasitic—. e., spend 
only a portion of their life’s cycle in the parasitic state. Some parasites 
seem to possess a considerable degree of option as to their mode of life, 
remaining in an independent condition for irregular intervals without 
apparent detriment (occasional parasites). Some can exist in or on any 
one of many species of animal, others in or on only a few or even a 
single species; while some are limited to one tissue of a single 
species. 

Parasites generally obtain their nutriment easily, and tend to lose 
such parts as are not essential to life or for propagation. Thus, external 
parasites retain the organs of locomotion, for active movement is gen- 
erally necessary to obtain food, to escape from danger, and to effect 
copulation. Internal parasites, on the other hand, generally lose these 
organs—teeth, suckers, and cilia alone excepted. Moreover, internal 
parasites obtain food and oxygen by direct absorption, and tend to lose 
both alimentary tract and respiratory system. The power of reproduc- 
tion which parasites possess is enormous. It has been estimated that the 
common intestinal round worm produces more than 60,000,000 ova per 
annum. 

The effects of parasites may be either chemical or mechanical. The 
chemical effects are chiefly exerted by means of toxic products result- 
ing from the growth and excretion of the parasitic organism. These 
products may lead (1) to general poisoning of the host; (2) to local 
destruction of tissues ; (3) to inflammatory fibrosis ; and (4) to various 
reflex effects. The mechanical effects comprise (1) the blocking of 
tubes such as gland-ducts, intestine and bloodvessels ; (2) pressure upon 
and destruction of tissues by the mere presence of the growing parasites 
and (3) hemorrhage from weakening and rupture, or from direct perfora- 
tion, of the walls of the vessels. 

There is a popular idea that some animal parasites can appropriate 
to themselves an amount of nourishment which seriously detracts from 
that usually at the disposal of the host. This effect, however, is at most 
unimportant. 

It will be readily understood that in all local effects, either chemical 
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or mechanical, the gravity of the results will depend largely upon the 
importance of the parts and tissues involved. The growth of a hydatid 
cyst in the liver may produce a tumor many inches in diameter, yet 
causing comparatively little inconvenience, while a much smaller growth 
may lead to a fatal result, if it occur at the base of the brain. 


ANIMAL PARASITES. 


PEDICULI. 


Pediculi and acari are the two principal external pathogenic animal 
parasites of importance in temperate zones. The former are wingless 
insects : the latter are members of the spider class. 

Three varieties of pediculus are parasitic on man—P. corporis, 
P. capitis,and P. pubis (Fig. 123). The first two varieties are closely 
similar, and all three have many points in common. In length they 
vary from Imm. to 4mm. The head is conical, constricted at its junc- 
tion with the thorax, and provided with a proboscis, a pair of prominent 
jointed antennz, and a compound lateral eye behind each antenna. 
The thorax in the P. corporis and P. capitis is marked off from the 
abdomen by a distinct constriction, and carries, in each of the three 
varieties, three pairs of jointed legs terminating in claws. The number 
of segments in the abdomen varies with the species. The surface of 
limbs, thorax and abdomen alike is provided with scattered hairs. 

The sexes are distinguished from one another by their respective 
sizes and by their generative apparatus. The males are from half to 
two-thirds the size of the females. The penis is large and extends 
over the centre of the dorsal surface of the last three abdominal 
segments. The last of these segments is rounded. In addition to their 
larger size, the females are recognized by the notching of the last abdom- 
inal segment and by the possession of a ventral vagina. It follows, 
therefore, that the females are uppermost in copulation. The number 
of ova produced by a single specimen varies in the different species. 
The embryos emerge in from five to seven days, and mature in the 
course of the following fortnight. 

The intolerable itching produced by the digging action of the 
parasites extends beyond the areas immediately affected, and leads to 
violent scratching of the parts involved, and this again to abrasions in 
the skin. Into these abrasions cocci grow readily, and in this way 
pustules and enlarged glands are produced. 

1. The Pediculus corporis vel vestimenti is the largest of the 
parasitic pediculi (3.5mm. X 1.5mm.). It is grayish and semi-trans- 
parent, and possesses well-developed legs which enable it to move 
rapidly. There are eight abdominal segments. This parasite inhabits 
the upper margin of the underclothing on the chest. Here it has easy 
access to the skin, whence it obtains its nutriment. Pushing its 
proboscis along some duct, it withdraws blood by suction, the point of 
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Pediculi parasitic in man. Fig. 1—Pediculus pubis (female). Fig. 2—Pediculus pubis (male). 
Fig. 3.—Acarus seabiei, (f) female, (m) male—to show comparative size. Fig. 4.—Pediculus 
capitis (female). Fig. 5.—Pediculus capitis (male). Fig. 6.—Ova or nits of Pediculus 
capitis. Fig. 7—Pediculus corporis (female). Fig. 8.—Pediculus corporis (male). These 
figures show the comparative size as well as the distinguishing features: a, antenna; b, legs; 
c, penis; d, notched posterior segment ; ¢, eyes; p, proboscis; s, glutinous sheath surround- 
ing hair (A). X 16. 
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entry being subsequently marked by a fine hemorrhagic speck. The 
ova are generally deposited in the clothes, but may be occasionally 
seen fastened to the hairs growing on the skin of the thorax. 

2. The Pediculus capitis is smaller than the foregoing (2.5mm. < 
Imm.). Its color somewhat simulates that of the skin of its host, 
and thus may be pale, dark, or distinctly yellowish. In this country 
the sides of the abdominal segments are generally much darker than in 
the P. corporis, which in general appearance it closely resembles. The 
P. capitis, however, possesses only seven abdominal segments. This 
pediculus inhabits the occipital region of the scalp. Its legs are the 
least powerful of the three varieties, and its movements are cor- 
respondingly less active. The ova (fifty or thereabouts for each female) 
are fastened to the hairs of the scalp by a glutinous substance. They 
are flattened at the free end, and are provided with an operculum, 
which soon falls off and permits the escape of the embryos. 

3. The Pediculus pubis is the shortest, and, proportionately to its 
length, the broadest of the three varieties. The antenne are very 
prominent. The constriction at the base of the head is very slight, 
and the division between the thorax and the abdomen is marked only 
by the position of the legs. Of these the anterior pair are slight, and 
are used for walking, while the posterior two pairs are very powerful 
and terminate in strong crab-like claws, enabling the parasite to cling 
with great tenacity. This pediculus inhabits the pubic hair, rarely 
straying to more distant parts. It attaches its ova, ten or fifteen in 
number, to the base of the hair-shaft. These ova are difficult to see. 
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The only important parasite belonging to this class is the Acarus 
scabiei (Sarcoptes hominis) or itch-mite. This minute, tortoise-shaped 
arachnid is just visible to the naked eye as a white glistening speck : 
the female burrows in the epidermis, and the male roams over the 
surface of the skin (Fig. 124). Short hairs or sete are scattered over 
its body, which has, on its dorsal surface, rows of spines forming trans- 
verse, serrated lines; and on its ventral, eight short conical legs, 
terminating in long bristles or stalked suckers. 

Three features serve to distinguish the female from the male: (1) 
the size, (2) the distribution of bristles and suckers, and (3) the generative 
apparatus. (1) The female is rather less than 0.5 mm. long (;'5 in.), 
while the male is rather more than half the size of the female. (2) 
In both sexes the four anterior legs terminate in suckers. Of the 
posterior four, in the female, all end in bristles ; while in the male, the 
two external end in bristles, and the two median in suckers, an arrange- 
ment by which copulation is facilitated. (3) In the female, little evi- 
dence of generative organs can be seen beyond the occasional presence 
of an ovum on the ventral surface; in the male, however, there is a 
penis. with a horny support, in shape not unlike a pitchfork. 

The larval form is smaller than the male (Fig. 124), and possesses 
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only six legs. Before reaching maturity it sheds its skin two or three 
times, and develops generative organs and eight new legs. The original 
six legs are not shed until the new ones are developed, so that in some 
specimens fourteen legs may be counted. 

The female acarus burrows into the epidermis, depositing her eggs 


Fie. 124. 


~ Acarusscabiei. (1) female; (2) male; (3) larva; (4) ovum. a.J., anterior legs terminating in stalked 
suckers (s. s.); ¢. p.J., posterior legs terminating in bristles; 7. p. l., posterior median legs of 
male terminating in stalked suckers; d. s., dorsal spines; s., sete; s. p., Support for penis, 
x 150. 


—about one a day—along the track. If undisturbed, she continues to 
do this for some weeks, and then dics. In the meantime, the ova 
gradually develop into the larval form, burrow a little, mature, become 
impregnated, and finally, in the case of females, start burrowing afresh. 
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The male does not burrow, but, as the epithelium wears away, reaches, 
and wanders over, the surface of the skin. 

Effects.—The presence of the parasite in the skin gives rise to intol- 
erable itching, which is followed by violent scratching. Pyogenic cocci 
grow into the abrasions of the skin thus produced and give rise to a 
pustular eruption. The parasite seems to have a special preference for 
the hands, feet, and external generative organs. The disease arises from 
prolonged contact with infected skin, bedding, clothes, or tools. 


CESTODA. 


The principal internal animal parasites include members of the 
Vermes (Cestoda, Nematoda, Trematoda) and Protozoa. The members 
of the Cestoda, indigenous in man, are long, flat, white, tape-like worms 
inhabiting, in their mature form, the intestinal canal. The mature 
worm consists of a minute head and neck with a longer or shorter row 
of attached segments. The complete worm, known as a strobilus, is, 
in most cases, not a single individual, but a colony of individuals 
formed by continual budding from a single spot on a parent segment 
(Fig. 125). The head or parent-segment is generally 1 mm. to 2 mm.’ 


Fie. 125. 


Portions of a Tenia saginata. Natural size. a, head, neck, and commencing segmentation; 
b, central; c, terminal proglottides. 


broad, and is provided with suckers which enable it to cling to the wall 
of the intestine. It is succeeded by a long narrow neck. At the 
farther end of this, in the large majority of instances, transverse. lines 
indicate the commencing formation of the segments or proglottides of 
which the worm almost entirely consists. Those nearest to the neck 
are imperfectly developed and defined, those in the centre are distinetly 
marked off from their fellows and present well-developed generative 
organs, while those nearest the posterior end are crammed with ova. 
Each fully developed segment is hermaphrodite. These worms are 
destitute of digestive organs, and absorb their nutriment directly from 
the intestinal contents. They possess a complete water-vascular system 
which takes the form of longitudinal tubes running down each side 


(Fig. 129). 
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The life-history of a tape-worm includes residence in two hosts. 
The ripe proglottides are broken off, for the most part one by one, from 


Fig. 126. 
Oe 


Teenia saginata,. 
Cystic stage 
with head 
everted. 3. 
(Ziegler from 
Leuckart.) 


distant part. 


the parent worm. Before they are discharged from the 
intestine, or even after they have been passed, the ova 
they contain are set free. It is generally believed that 
the ova are expelled from the proglottides by the ver- 
micular movements of the latter ; in any case they retain 
their vitality for some days. If at this stage the ova are 
eaten by some animal capable of acting as the host of the 
intermediate form of the parasite, they continue their 
development until the shells are dissolved off in the ali- 
mentary tract, and an embryo with six hooklets is set free. 
By means of these hooklets the embryo is enabled to 
penetrate the wall of the alimentary tract and, by way 
of the blood-stream or some other route, to reach some 
When the progress of the embryo is finally arrested, the 


hooklets disappear, and at the end of the embryo opposite to their 
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1. Head of Tenia solium, front view. 2. Head of Tenia solium, side view. 3. Head of Tenia 


saginata, front view. 4. Head of Bothriocephalus latus, side view. h, hooklets; r, rostel- 
. ’ 
lum; s, suckers; m, summit of rostellum. > 20, 


attachment a cavity appears. From the wall of this cavity a fully 
formed head (scolex) develops, while the parasite gradually becomes 
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Fie. 128. 
Fig. 129. 
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One of the middle segments from a Tenia saginata. ¢., testes; 
v.d., vasa deferentia; ov., ovary; ut., uterus; v., vagina; cl., 


Fie. 130. 


genital pore. x 6. 


Tenia echinococcus. X12. 
(Ziegler after Leuckart.) 


Fic. 180. 


Tenia solium. Mature proglottis, with ova. 
Branching of uterus less complex than in 
Fig. 130a. Xx 6. 


Tenia saginata. A proglottis near the ter- 
minal end, showing the female generative 
organs crammed with ova. g.p., genital 
pore. X 6. 
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enclosed in a fibrous capsule supplied by the surrounding tissues. In 
this intermediate or cystic stage the parasite, now known as a cysticercus 
(Fig. 126), may live for many months, or may soon die. When dead, 
it readily undergoes calcification. If, however, tissues containing living 
eysticerci be swallowed by an animal capable of acting as the host of 
the mature worm, the investing material is dissolved off, and the scolex 
is set free. By means of their suckers some of the heads will prob- 
ably become attached to the wall of the intestine, and segments will 
quickly develop from the free ends. All new segments are formed at 
the neck, and the older ones are thus pushed further and further from 
the head, at the same time gradually developing generative organs. 
Two months generally elapse between the swallowing of the cysticerci 
and the passage of the first proglottides from the rectum. 


Fig. 131. 


Bothriocephalus latus. Three mature segments with coiled rosette-like uterus and central 
genital pore. x 6. 


Four varieties of tape-worm are commonly parasitic in man. Three 
of these are found in the intestine, the Ztenia solium, the Tonia 
saginata or mediocanellata, and the Bothriocephalus latus. The fourth, 
the Tenia echinococcus, does not infest the human intestine, but may 
be found, in its cystic or intermediate stage, in the liver and other 
parts. The characters of these four parasites are set forth in the 
accompanying table, from which it will be seen that, except so far as 
the head is concerned, the Tenia solium and the Tenia saginata very 
closely resemble one another ; while the Bothriocephalus latus is easily 
distinguished by the shape of its head, by the breadth of its segments, 
and by the coil-like form of its uterus (Fig. 131). 

Two other tape-worms are less commonly met with in the human 
intestine, the Tania nana and the Tenia canina (cucumerina). Of 
these, the Teenia nana is from half an inch to one inch in length, and 
consists of head, neck, and about 150 broad segments. The head 
somewhat resembles that of the Tenia soliwn, but is more spherical ; 
while the joints are broad, like those of the Bothriocephalus latus ; but 
the genital pore is at the side. The Tenia canina is about one foot 
in length. The head has three or four rows of hooklets, which are 
twice as numerous as in the other varieties. The segments number 
about one hundred, of which the last twenty-five are mature and rather 
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more than a quarter of an inch in length. They have a genital pore 


on each side of each proglottis. 


in dogs and cats. 

Effects.—These are generally so slight that the presence of the worm 
is unsuspected until detached proglottides are passed per anum; but 
slight intestinal colic, and even convulsions and other nervous disorders, 
occasionally ensue, especially in children. 
is sometimes associated with a condition resembling pernicious anzemia, 
These effects are due either to mechanical irritation or to the absorption 


of toxic substances formed by the parasites. 


SEE Fias. 125-181. 


CoMPARATIVE TABLE OF PaRAsitic TAPE-WoORMS. 


This parasite is most frequently found 


The presence of the B. latus 


a TNIA ECHINO- | BOTHRIOCEPHALUS 
NAME. TNIA SOLIUM. | T#NIA SAGINATA. BOCaneS aS: 
LENGTH. 7 to 10 feet. 10 to 20 feet. Yy inch. 10 to 25 feet. 
SEGMENTS. 700 to 1000. 1000 to 2000. 4. 3000 to 4000. 
Host. Man. Man. Dog and Wolf. Man. 

Seat. Intestine, often| Intestine, usu-| Intestine, in| Intestine,one or 
in numbers. ally singly. numbers. more, 

Source. Infected insuffi- | Infected insuffi-| Infected viscera) Infected insuffi- 
ciently cooked ciently cooked of sheep. | ciently cooked 
pork. beef. lake fish. 

INTERMEDIATE Pig: “measly|Ox: “measly | Man and Sheep. Fish: very rare in 

Host, pork.” beef.” ; United States. 

Seat. Muscle and vis- Muscle and vis-| Chiefly liver,|! Muscle and vis- 
cera, cera. less frequent- | cera. 

ly muscle and 
viscera. 

Source. Food infected| Food infected| Food infected| Food infected 
with dejecta with dejecta with dejecta | with dejecta 
containing containing containing | eontaining 
ova, ova. ova, ova. 

HEAD. Length + inch. Length ¥, inch. Length y;inch. | Length 4 inch. 
(Fig. 125.) | Rostellum, 26 or} No rostellum, no;Same as Tenia 'Club-shaped oval, 
28 hooklets,| hooklets. solium, but) no hooklets. 
double row. smaller. 
4 suckers. 4 suckers. 4 suckers. 2 suckers. 
SEGMENTS. Mature segments, | Mature segments, | 4segments only. | Breadth always 
length greater) length greater greater than 
than breadth. than breadth. | length. 


GENERATIVE AP- 
PARATUS. 


Ova. 


Uterus, a central 
10 branches. 


Papilla, with gen- 
ital pore on side 
ofsegment ; side 
alternating. 


Spherical. 
| Almost 
when 
charged. 


mature 
dis- 


canal with about | 


Uterus, a central 
canal with be- 
tween 20 and 30 
| branches. 

| Papilla, with gen- 
ital pore on side 
of segment, al- 
ternation irreg- 
ular. 


Short oval. 

Almost mature 
when dis- 
charged. 


Uterus, a wide 
cavity in last | 
segment. 


Papilla, with gen- 
ital pore on side 
of last segment. | 


Spherical. 


Uterus, tube  ar- 
ranged in loops 
giving appear- 
ance of rosette. 
Genital pore in 
centre (ventral). 


Oval, with oper- 
eculum, imma- 
ture, develop in 
water, where 
they swim about. 


in that organ. 


Hydatid Cysts. 


Special reference must be made to the cystic stage of the Tenia 
echinococeus, owing to the frequency with which it is found in the viscera 
of man, especially in the liver—three-fifths of the total cases occurring 
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The embryos derived from the ova of the adult worm are set free 
in the intestine, from which they escape, mainly by the veins, and thus 
reach the liver or other parts where they come to rest. Each embryo 
is capable of development through a long cycle of changes, the earliest 
of which consist in the formation of a spheroidal body which gradually 
develops into acyst. T'he cyst-wall consists of two layers—an external, 
transparent, more or less definitely laminated ectocyst (Fig. 133), and an 
internal, granular, germinal layer or endocyst (Fig. 132). 


Fic. 132. 


Diagram of portion of wall of hydatid cyst, to show development of brood-capsules and scolices. 
a, germinal layer or endocyst showing commencement of brood-capsule; 6, brood-capsule 
with two scolices, one inverted, the other everted; c, laminated layer or ectocyst. > 50. 
(Modified from Leuckart.) 


The eyst contams (1) a varying amount of fluid which is clear, saline, 
and, in its primitive state, non-albuminous, with a specific gravity vary- 
ing from 1004 to 1013; and (2) the scolices or immature heads of the 
adult parasite. The scolices differ from the heads of the adults only 
in the smaller size of the hooklets of the former and in the incomplete 
development of the roots of their hooklets. There is no complete 


Laminated ectocyst or “hydatid membrane” from cystic stage of T. echinococcus in human 
liver. 


agreement as to the exact procedure by which these scolices are formed. 
In all probability they may arise directly from the germinal layer of 
the original cyst-wall ; but more usually they originate from secondary 
cysts known as “brood-capsules.” These are formed as hollow eleva- 
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tions from the germinal layer, and gradually come to consist, as in the 
ease of the original ecyst-wall, of two definite layers—though their 
position is inverted—an outer germinal layer, and an inner imperfectly 
laminated layer. The outer layer is connected with the original cyst- 
wall by a stalk (Fig. 132). From the wall of the’brood-capsule the 
seolices are formed, in some cases as invaginated depressions into the 
interior of the capsule, in others as external projections from the sur- 
face. If the wall of the brood-capsules is ruptured the scolices may 
be scattered unattached through the contents of the cyst. According 
to Leuckart, all scolices are formed originally from the exterior as hollow 
buds which, later on, may become invaginated, then appearing as inter- 
nal projections into the cavity of the brood-capsule. However formed, 
they may remain quiescent for long periods, or may die and disinte- 
grate (Fig. 134) and become calcified, the calcification of the cyst-walls 
preceding that of the scolices. 

The brood-capsules do not always grow directly from the original 


Deposit from contents of hydatid cyst. a, scolex; b, scattered hooklets ; c, cholesterine crys- 
tals. 100. 


eyst-wall, but on some occasions from secondary or daughter-cysts, 
which may arise as hernial protrusions from the original cysts, or as 
depressions into its interior. These daughter-cysts may by similar 
changes produce another generation of corresponding cysts, from any 
of which brood-capsules may be formed. Sterile cysts, containing 
neither daughter-cysts nor scolices, are sometimes found, the sterility 
apparently depending upon the lack of sufficient nourishment. It will 
thus be understood that the process of formation is very complex and 
that much room exists for difference of opinion. 
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The presence of the hydatid cyst leads to the proliferative reaction 
of the connective-tissue in which it grows, and to the gradual develop- 
ment of an external fibrous coat. 

Hydatid disease is generally derived from infection of the food or 
water-supply by contamination with the faeces of dogs, and is com- 
monest, therefore, in those places in which dogs and men are close com- 
panions, and where insufficient care is taken to avoid infection. Ice- 
land and Australia are the chief homes of the disease. ; 
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Nematoda, or round worms, are long, slender and cylindrical, taper- 
ing at both ends. They possess a well-developed alimentary tract with 
a mouth at one end of the worm and an anus at the other. The sexes 
are distinct, the female being larger than the male. In the male, the 
genital pore is generally close to the anus, and therefore near the posterior 
end of the body. In the female, the vagina is near the middle of the 
abdominal surface. <A short description will be given of the princi- 
pal parasitic forms which are pathogenic in man. 

1. Ascaris lumbricoides—This is the common round worm of the 
intestine. During life it is of a pinkish-gray color with a glistening 
surface ; after death, it loses its pinkish tint and becomes more opaque. 
The female averages about a foot long and the male six inches. The 
head has a central mouth provided with three lips. The ova are oval 
and generally surrounded with semi-transparent albuminous substance. 
When swallowed, they gradually find their way into the small intestine, 
developing into the adult form in the course of a month. Asa rule, 
not more than five or six worms are found in the same host. They 
are especially common in lunatics, negroes, children, and other indi- 
viduals of dirty habits. Occasionally, however, large numbers may be 
found in the intestine of a single individual especially in_ tropical 
countries. Although the duration of their life is not accurately 
known, it is probably not more than a few months. Re-infection from 
swallowing the ova passed in the feces may produce a supply lasting 
some years. The effects of the parasite are due (1) to irritation, which 
gives rise to slight colic and occasionally, in rickety children, te con- 
vulsions and other less important reflex effects ; ; (2) to their andes ing 
habits, by which the worms may find their way into the bile-duct, 
stome ach, larynx, middle ear, peritoneal cavity, vagina, or other places, 
and ibe give rise to symptoms of obstruction or irritation ; and (3) to 
the matting together, in a few instances, of several worms, thus causing 
intestinal obstruction. In the majority of cases the presence of the 
parasites is unsuspected until they are expelled. 

2. Oxyuris vermicularis (lig. 135)—These are small round worms 
known as thread, seat, or maw worms, haying the appearance of shreds 
of bent or twisted white cotton. The female is one-third to half an 
inch in length, the male is half this length. The head is pointed and 
furnished with two cuticular bags, one on the dorsal and one on the 
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ventral surface. The posterior end of the female is long and tapering 
with a serrated edge, that of the male is curved with a rounded 


Fig. 135. 
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Showing comparative size of various nematodes. 1. Ankylostoma duodenale (female) ; 
1a. Ankylostoma duodenale (female), nat. size; 2. Ankylostoma duodenale (male) ; 
3. Oxyuris vermicularis (female); 8a. Oxyuris vermicularis (female), nat. size; 4. Oxyuris 
vermicularis (male); 5. Trichina spiralis (female); 6. Trichina spiralis (male); 7, Trichina 
spiralis, embryos in muscle; 8. Filaria Banerofti (female), parental form of F. sanguinis 
hominis nocturna; 8a. Filaria Bancrofti, nat. size; 9. Filaria sanguinis hominis nocturna, 
embryosin blood. 14. 


extremity, furnished with a single projecting spike. The ova are of a 

peculiar and distinctive oval shape, being more convex on one side 

than cn the other, thus taking the form of a bi-convex meniscus 
16 
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(Fig. 136). The ova of the oxyuris develop rather more rapidly than 
those of the ascaris, the process being completed in two or three weeks. 
The ova do not develop unless passed through the stomach. They 
must accordingly be passed per anum and the host re-infected by the 
mouth before a new generation can develop, in cases where any contin- 
uous infection is maintained. The oxyurides inhabit the large intestine, 
especially the caecum, where they may exist in myriads. As the females 
become pregnant they generally pass into the sigmoid flexure and rectum. 

These parasites are found mainly in children, and are probably 


Fig. 136. 
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Showing comparative size of various oya and embryos. A few red blood-corpuscles have been 
drawn to serve as astandard ofsize. 1. Acarus scabiei; 2. Tenia solium; 3. Bothriocephalus 
latus (one without operculum); 4. Ascaris lumbricoides; 5. Oxyuris vermicularis ; 6. Trico- 
cephalus dispar ; 7. Ankylostoma duodenale; 8, 8a. Bilharzia hematobia; 9. Filaria nocturna 
(with sheath) ; 10. Filaria perstans; 11. Trichina in muscle.  X 150. 


derived from infected vegetables and fruit. Their principal effects are 
those of local irritation. They give rise to the formation of a large 
quantity of slimy mucus, some of which is passed with the stools. 
They may also lead to prolapse of the rectum and enuresis. Their 
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reflex effects are somewhat indefinite. They are accredited with pro- 
ducing cough, restlessness, and even convulsions, though the latter 
statement is probably erroneous. Their wandering habits are as marked 
as those of the ascarides, but the results are much less serious. The 
females make their way through the anus at night, causing intolerable 
itching, and may be found in the vagina, on the buttocks, and on the 
sheets. The itching at the anus leads to scratching and to the deposi- 
tion of ova under the finger-nails. _The additional itching at the mouth 
and nares, which is also a common effect, leads to the continual transit 
of the fingers between the mouth and anus during sleep, and accounts 
for the extreme frequency of autoinfection. 

3. Ankylostoma Duodenale (Dochmnius Duodenalis) (Fig. 135).—This 
parasite is not endemic in England or the United States, but is exceed- 
ingly common in all tropical and subtropical countries. The females are 
rather more than half an inch, and the males rather less than half an 
inch in length, but the former are at least twice as thick as the latter. 
The head is provided with four hooks and two teeth. The posterior 
end is broad in both sexes, the male possessing an umbrella-like caudal 
expansion, fitted with ribs and two long projecting spicules. The ova 
are oval, segmented and enclosed in a thin transparent capsule. They 
develop rapidly in muddy water and in mould, especially if this is 
mixed with freces. The embryos in this stage can exist for months. 
They enter their host by the mouth and take five or six weeks to form 
fully developed adults. They inhabit the jejunum and duodenum in 
large numbers, becoming attached to the mucous membrane by means 
of their hooks, and sucking the blood from the submucous tissue. The 
results of their presence in the intestine are very variable. In some 
cases, even when large numbers are present, no symptoms occur: in 
other cases the parasites give rise to hemorrhage and consequent anzemia, 
as well as to colic and intestinal catarrh. 

4, Trichina Spiralis (Fig. 135).—In their fully developed form these 
minute round worms are, in the case of the female, about one-eighth 
of an inch long and in the case of the male about one-eighteenth. The 
head in both sexes is pointed: in the male the posterior extremity is 
furnished with two jaw-like appendages which probably serve to fix 
the female during copulation. The ova are hatched within the body 
of the female and escape from the vagina in the form of minute 
elongated embryos. The life-history of the parasites can be best under- 
stood by tracing the development of the embryos from the intermediate 
or encysted stage in which they lie encapsuled in thé tissues. Tn this 
stage they may be found in the connective tissue between the individual 
muscle-fibres, in the subcutaneous fat, in the wall of the intestine, and 
in other places. If a portion of muscle infected with these embryos 
be examined, it will be found to contain a large number of minute oval 
specks just visible to the naked eye. On microscopical examination 
each speck is seen to consist of a minute oval capsule with elongated 
ends, containing usually but one embryo (Fig. 136). These encapsuled 
trichinze may live for years. After a time the cyst-wall may calcify : 
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if the embryo within dies this will undergo the same process (Fig. 137). 
If a portion of a muscle containing 

Fig. 187. living embryos be eaten by an organism 
ee capable of becoming the host, the cap- 
—— sules are dissolved off in the stomach 

and the embryos pass into the intestine, 

grow slightly (4 inch), mature and 
pair. The female grows rapidly to 
twice its former size, and develops ova 
and embryos as described. These are 
either discharged into the intestinal 
Calcified trichine in muscle. Intwoof egnal or, according to some observers, 
ee dae ete are deposited in the lymphatics of the 
any trace of the coiled embryo re- intestinal walls. In any case they 
mains. In the other the trichina is reach the muscle and become coiled up 

dead, shrivelled and becoming in- rite p 2 

ae ee within a capsule as previously described. 

Their complete life-history can be ac- 
complished in about eighteen days—two or three days occur between 
infection and the pairing of sexes, six or seven more before the embryos 
are set free, and another nine or ten before they become encysted in the 
tissues. 

The principal hosts are man, the pig and the rat. The disease is 
probably conveyed to man in pork—the diaphragm, muscles of the 
neck, and intercostals being those muscles which contain the largest 
number of parasites and those which are principally used in the manu- 
facture of sausages. It is obvious, however, that no animal can become 
infected which is not carnivorous, and it is therefore necessary to explain 
why the pig should so frequently become infected. The explanation 
probably lies in the fact that the rat, which is well known to eat its 
own kind, is very largely infected wherever the disease may be endemic. 
Thus, successive generations of the parasites are maintained, and pigs 
may at any time be accidentally infected by eating food containing 
portions of the diseased rats. With regard to the general subject of 
infection, it may be noted that, while the adult intestinal trichinse prob- 
ably only live for one or two months, the muscle-trichinz not only live 
for years, but can resist the decomposition, pickling, and freezing of 
their environment, succumbing only to a temperature of 80° C., 
which is rarely reached in the interior of any large joint. The parasite 
is commonest in America and Germany. Its effects are so marked that 
they give rise to’ a definite disease known as ¢richinosis, consisting of 
two stages. The first stage is characterized by an acute gastro-enteric 
catarrh due to the presence of myriads of embryos in the intestine, and 
is sometimes mistaken for cholera or irritant poisoning. This is suc- 
ceeded by a second stage, which develops when the embryos reach the 
muscles, and consists of intense muscular pain, swelling, rigidity, and 
tenderness, giving rise, in addition to a high temperature, to aphonia, 
dyspneea, trismus, dysphagia, and other serious symptoms, according to 
the special muscles mainly involved. 
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5, Filarie.—Filariz are long thread-like worms. In tropical coun- 
tries many forms are parasitic in the human body. Thus, the Filaria 
ocult is found in the tissues of the eye ; and the Filaria medinensis and 
the Filaria loa in the subcutaneous tissue. _ All these parasites may 
produce local irritant effects. 

Of greater interest is a group of filaris known as the Filaria san- 
guinis hominis, because the embryos of the parasites are found in the 
blood. Of these, the Filaria sanguinis hominis nocturna is the best 
known member of the group. 

The adult form of the Filaria nocturna is generally known as the 
Filaria Bancrofti (Fig. 135). The female has the appearance of a white 
thread, about three and a half inches long and rather more than one- 
hundredth of an inch in diameter. The male is considerably smaller, 
and less frequently found. The posterior end in’ both sexes is blunt, 
and the head slightly bulbous with a central unprotected mouth. The 
vagina of the female is close to the head. After the death of the host 
these parasites are generally found in the retro-peritoneal lymph- 
channels, but may be lodged anywhere. The embryos found in the 
blood are about one-ninetieth of an inch long, and in breadth equal to 
the diameter of a red blood-corpuscle. The parasite is provided with 
a fine sheath which it does not completely fill, and in which it can 
move backward and forward (Fig. 136). It also exhibits lashing 
movements, but has no power of travelling from place to place. The 
embryos are only found in the blood during sleeping hours, hence the 
name nocturna. They appear gradually at about six o’clock in the 
evening. At midnight they are present in greatest number, and 
Manson has estimated that there may be as many as 50,000,000 
present in the blood of a single individual at that time. They then 
gradually diminish in number, and by six or seven o’clock in the 
morning have completely disappeared. During the night some of the 
parasites may be removed from the blood by mosquitoes. The embryos, 
which thus reach the stomach of the mosquito, pierce and escape from 
their sheaths and bore their way into the thoracic viscera, where they 
undergo further development (Fig. 138). On the death of the 
mosquito they fall with the body of the insect into drinking water, 
and thus are conveyed to the stomach of man. Here they develop 
into a larval form, which escapes from the alimentary tract into the 
lymph-channels and there develops into the adult form as described 
above. From this resting-place the female discharges her embryos into 
the blood-stream by way of the thoracic duct. 

Effects —In most instances of filariasis no effects are observed. In 
a few cases, however, there may be found associated with the existence 
of filariz in the blood (1) an enormous overgrowth of the skin and 
subeutaneous tissue of the lower extremities, and occasionally of 
other parts (elephantiasis arabum). In these cases but few filarize can 
be found in the blood. According to Manson the elephantoid con- 
dition is due to the premature discharge of the ova of the filaria. 
These ova are more than four times the breadth of the embryos and 
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broader, therefore, than the lymph-channels in the glands through 
which they cannot pass, and in which, therefore, they are likely to 
become imbedded. Manson suggests that these ova block the lymph- 


Fra. 138. 


Filaria sanguinis hominis nocturna. Section through the thoracic muscles of a mosquito about 
aweek after infection with filariz. In (a) and (b) the rudimentary mouth and alimentary 
tract, which are formed during this stage, can be seen. xX 90. (From a specimen by Dr. 
Manson.) 


channels in the lymphatic glands one after another, until the whole 
area drained by the connected lymphatics is engorged with lymph. 
Overgrowth of the superficial parts follows. The absence of embryos 
from the blood in these cases is readily explained by the blocking of 
the channels through which they would reach the blood-stream. 
(2) In other cases associated with the presence of filarize, the abdomi- 
nal, renal, scrotal, and pelvic lymphatics are intensely varicose and 
filled with chyle, which often finds its way into the urine as well, pro- 
ducing the condition known as “ chyluria.” The chyle found in these 
lymphatics can only reach them by regurgitation from the thoracic 
duct ; and, on at least two occasions, the upper part of the thoracic 
duct has been found blocked. Manson has, therefore, suggested that 
the first step in the production of chyluria and lymph-serotum ; is the 
plugging or inflammatory occlusion of the thoracic duct, and that the 
increased lymphatic pressure thus caused leads to a flow of the chyle 
back through the pelvic lymphatics to those on the abdominal wall, the 
lymph thus reaching the blood-stream through anastomoses between 
the lymphatics of the upper limbs and those of the lower. Thus, the 
presence of chyle in the pelvic lymphatics may be accounted for, while 
the rupture of varicose lymphatics thus produced suffices to explain the 
existence of the chyluria. 

Several other varieties of the Filaria sanguinis hominis are described. 
The Filaria diurna in its embryonic form closely resembles the nocturna, 


_ After impregnation the females are believed 


in a transparent membrane (Fig. 136). 
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ering from it only in the time at which it appears. The parental 


_ form of the F. diurna has not been described, but Manson suggests that 


the Filaria loa may really occupy this relationship. The embryos are 


The cei a mg is a thinner and shorter embryo than those 
before menti (Fig. 136). It has no sheath, possesses rapid move- 
ments by which it travels from place to place, and is never absent from 
the blood of an infected individual. The majority of the natives on 
the West Coast and in the central parts of Africa seem to be infected 
with it. The Filaria perstans is generally to be found in cases of Sleep- 


_ ing Sickness, but it is not yet certain that the parasite has any causal 


relation to the disease. 
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Several members of this order are on rare occasions found as human 

parasites. Thus, the Distoma hepaticum, or parasite of sheep-rot, and 
the Distoma lanceolatum are occasionally found in the liver. The only 
species commonly parasitic in man is, however, the Distoma hematobium 
or Bilharzia hematobia. The female has the form of a thin thread an 
inch long; the male is half an inch long, of milk-white color, flat, 
and curved laterally so as to be slightly 
concave on the ventral side (Fig. 139). Fig. 139. 
During sexual intercourse the curve in- 
creases so that the opposite sides meet to 
form a “ gynzcophoric canal” in which the 
female is enclosed. At the anterior end of 
the male there are two suckers. 

These parasites, especially the males, are 
found in large numbers in the genito-urinary 
and mesenteric veins of infected persons. 


to move into the smallest vessels and there 
to discharge their ova. In shape these are 
generally compared to a melon-seed, being 
pointed at one end (spike) and enclosed 


Their contents often appear segmented, and 
occasionally the different parts of the future 
embryo can be clearly made out. They 
very rapidly mature in pure water, the 
membrane rupturing and setting free a 
somewhat elongated embry o provided with Bilharzia hematobia, male and 
cilia. The eggs do not mature, and the female. x 10. (After Leuckart.) 
embryos are never set free, either within 

the bloodvessels or in the urine. Sometimes the spike is placed on 
one side of the ovum (Fig. 136), and this arrangement is believed to 
be commonest in the mesenteric forms. 
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The period which may elapse between infection and the appearance 
of ova in the urine is variable, but never less than four months. The 
parasite is chiefly found in Egypt, Arabia and South Africa. The 
exact method of infection is unknown. The embryos are probably intro- 
duced with drinking water, though a few authorities still maintain that 
local infection along the urethra may occur during bathing. 

The effects of the parasite are to produce vesical and perineal pain 
with dysuria. Ova may be found in the urine, which frequently con- 
tains blood, especially toward the end of micturition. The ova may 
lead to the formation of clots in the bladder, and subsequently to the 
formation of calculi; while in the tissues chronic inflammation may 
occur in the neighborhood of both parasites and ova. 


PROTOZOA. 


Ameba coli is the name applied to a minute parasite (three to five 
times the diameter of a red blood-corpuscle) occasionally present in 
healthy feces, and frequently in those in dysentery. It also occurs in 
the pus of liver-abscesses in a large proportion of cases. By appropriate 
staining of hardened sections the ameeba, in suitable cases, can be 
demonstrated in the tissues constituting the floor of the dysenteric ulcer 
or the walls of the liver-abscess. In fresh faeces and pus it can be 
detected with a magnifying power of 100 to 200 diameters in com- 
pressed films examined on the warm stage. The parasites are recog- 
nized as colorless, or very faintly green, actively amceboid bodies creeping 
about by means of rounded pseudopodia. Should the temperature of 
the slide fall much below blood-heat, amceboid movement ceases and the 
organism assumes a spherical form, but the amceboid movement is again 
resumed on warming up the slide a second time. In certain instances 
the spherical form persists at all temperatures. In liver-abscess the 
amceba is most readily found in the pus coming from the drainage-tube 
some days after operation. It is more difficult to find, and may not 
occur, in the pus evacuated at the time of operation. The explanation 
lies in the fact that the habitat of the amceba is the granulation-tissue 
forming the wall of the abscess. 

The amceba consists of a grayish, slightly granular central portion 
—endosare—in which a nucleus and one or more minute vacuoles can 
be detected, and a peripheral hyaline portion from which the pseudo- 
podia are mainly formed—ectosare. In many instances blood-cor- 
puscles, bacteria, and débris of all kinds can be seen included in the 
parasite. 

There is great difference of opinion as to the pathological signifi- 
cance of the amceba. Some hold that it is merely an accidental occur- 
rence, others that it is the cause of certain types of dysentery—ameboid 
dysentery—and of liver-abscess. As yet the clinical and experimental 
data do not warrant a definite opinion on these points. 
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HAMATOZOON MALARIZ. 


Malaria is an endemic infectious disease caused by the above-named 
protozoon. 

It is characterized clinically by periodic attacks of fever (intermittent 
fever) or by remittent fever, the individual febrile recurrences running 
into each other, so that there are no apyretic intervals, but only slight 
remissions. When these febrile attacks recur daily the disease is known 
as quotidian ; when on alternate days, as tertian ; when on every third 
day, quartan malarial fever. 

The more irregular variety of malarial fever (often remittent in type) 
occurring in temperate climates in the months of August, September, 
and October, when the disease is at its height—that is, in the late 
summer and autumn—is called estivo-autumnal fever (Lat., cestivus, 
summer). 

The hematozoén is a unicellular organism having a parasitic ex- 
istence. A portion of this parasitic existence is passed in man as a 
host, and a portion is passed in the body of certain varieties of mos- 
quitoes as a second host. ‘There are, therefore, two cycles in its life- 
history: one taking place within the human body (intracorporeal 
existence) ; a second being passed outside the body (extracorporeal 
existence). 


Intracorporeal Existence. 


The different forms of the protozoén that have been observed in the 
blood of patients suffering from malaria are believed to represent events 
in its life-history. One series of forms shows the gradual growth of 
the parasite within the red blood-corpuscles from a young to an adult 
or mature form. A second series exhibits the division or segmentation 
of the mature form into a number of spores. These become the imma- 
ture organisms, capable themselves of passing through the same changes. 
Thus two phases of the cycle of existence within the body are recog- 
nized—a vegetative and a reproductive. 

The earliest forms of the vegetative phase are circular, amceboid 
disks, pale, apparently structureless, lying in the red blood-corpuscle. 
They assume constantly varying shapes, and are called the hyaline 
amceboid forms. (Plate I., Figs. 2, 3, 4.) Gradually increasing in 
size, minute grains of red, reddish-brown, or black pigment are seen in 
their substance—the unused remains of the hemoglobin digested by the 
parasite (pigmented ameeboid forms), (Plate I., Figs. 6, 7, 8.) They 
become still larger, occupying from one-sixth to the whole of the 
affected corpuscle; the number of pigment-granules increases; the 
amceboid movement gradually ceases (adult pigmented forms). (Plate 
II., Fig. 9.) Meanwhile the red blood-cell in which the parasite has 
grown shows marked changes in shape, size, and color. 

The reproductive phase now begins. The pigment-granules are 
collected into a motionless clump at the centre of the organism, rarely 
at the periphery (presegmenting forms). (Plate IL, Figs. 21-24.) 
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Delicate lines next make their appearance extending from the periphery 
toward the centre, forming a rosette-shaped or mulberry-shaped body 
composed of a number of segments. These are spoken of as segmenting 
forms. (Plate I., Figs. 10-13.) The remains of the corpuscle fall 
away and the segmenting parasites become free in the liquor sanguinis. 
The segments quickly separate, thus forming a number of small round 
or oval spores, each with a central refractive dot or nucleolus. (Plate 
I., Fig. 14.) | 

These spores, if they escape the phagocytes, seek inclusion in the 
red corpuscles, forming the bodies first mentioned and capable of be- 
ginning a new cycle. 

The commencement of the fever-paroxysm coincides with the break- 
ing up of the rosette-body just referred to. It must be remembered 
that as development does not progress when the bodies are removed 
from the circulation, the complete cycle cannot actually be observed. 

There are probably three varieties of the heematozoon : one causing 
tertian ; a second, quartan ; a third, estivo-autumnal fever. 

They differ in the duration of the life of each generation of the 
parasites, in the size and number of spores formed from the segmenting 
bodies, in the changes they produce in the red .blood-corpuscles in 
which they are included, and in the localities in which they occur. 

In the last variety (estivo-autumnal), forms not observed in the 
others, the crescentic bodies are found. 

The Parasite of Tertian Fever (see Plate I., Figs. 1-24).—The dura- 
tion of the life of each generation of parasites is forty-eight hours, con- 
sequently the fever paroxysms occur on alternate days. If there is a 
double infection of two generations of parasites, the fever assumes the 
quotidian type, fever paroxysms occurring daily. The adult pigmented 
form nearly fills the red cells, which become slightly swollen and grad- 
ually grow paler until only a faintly colored ring of corpuscular sub- 
stance can with difficulty be made out surrounding the organism. 
When the corpuscie and the capsule of the mother organism burst, 
fifteen to twenty small round or oval spores are set free in the plasma. 
In tertian fever this process of segmentation, although observed in the 
peripheral blood, commonly takes place in the internal organs—spleen 
and bone-marrow. 

This is the commonest variety of malarial parasite seen in temperate 
climates. 

The Parasite of Quartan Fever (see Plate I., Figs. 25-42).—The 
fever-paroxysms occur once in three days, the cycle of development 
being completed in seventy-two hours. There may be infection with 
more than one generation of the parasite, producing a double quartan 
type, fever-paroxysms taking place two days in succession, followed by 
a free day or a triple quartan type, a fever-paroxysm occurring every 
day. 

Its ameeboid form is more refractile, has a sharper outline, grows 
and moves more slowly, and without much thrusting out of pseudo- 
podia. 
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The pigmented form contains fewer but coarser grains and rods of 
a darker pigment; the segmenting form presents sharper radiating 
_ lines ; the spores are less numerous and larger than in tertian fever, 
and always possess nucleoli. The process of segmentation is very com- 
monly observed in the peripheral circulation as well as in the internal 
organs. The red corpuscle is more often shrunken, loses less color, and 
is apt to be rather brassy-looking. 

This variety is rare excepting in certain localities—e. g., Pavia, in 
Italy. 

The Parasite of Aistivo-autumnal Fever (Plate II.)—The fevers 
produced by this variety are irregular. These are a tertian, quo- 
tidian, and a pernicious type, the last with continued or remittent fever. 

Owing to greater activity in development, and thus more numerous 
generation, the type of fever is sometimes difficult to analyze, but in 
general the length of the cycle varies from twenty-four to forty-eight 
hours. 

It is the smallest of the three varieties; the adult forms rarely 
grow to be one-third the size of the red corpuscle, which not uncom- 
monly contains two individual parasites. The young hyaline forms are 
ring-shaped with a light, clear centre, which does not stain, and are often 
found floating free in the plasma. Sometimes there is no pigment, but 
usually a few minute granules appear in the outer part of the parasite. 

The spores are smaller. They vary more in number, being from 
six to thirty. The red cells often show no change in size and no dis- 
coloration ; but they may become shrunken and brassy-looking or the 
hemoglobin may be collected about the parasite, leaving the edge pale. 

The Crescent Group.—This variety is, however, especially distin- 
guished by the development of the so-called crescent group. After 
several fever paroxysms certain pigmented intracorpuscular forms, 
instead of developing into presegmenting bodies, become round, oval, 
or fusiform bodies about one-quarter the diameter of a red cell. These 
are called the young bodies of the crescent group. They develop into 
the adult bodies of this group. These are about one and one-half times 
the diameter of a red cell in length and one-quarter as wide. They 
are oval, fusiform, or crescentic, refractive, and homogeneous except 
for the presence of dark motionless rods of pigment frequently col- 
lected at the centre in the shape of the figure of eight. There is often 
an outer double contour, and sometimes a fine line stretching from horn 
to horn—all that remains of the red corpuscle. (Plate II., Figs. 29-37.) 

The Flagellated Organism Under some circumstances certain of the 
parasites have the power of leaving the corpuscle and developing into 
a flagellated organism. The flagella appear quite suddenly, as if they 
had developed beneath a capsule, which, giving way, allows them to 
spring out. These flagella lash the surrounding fluid and cause much 
commotion ; they then become detached, swim about for a time, and 
slowly disappear. These flagellated organisms may form from each 
variety of parasite. (See Plate I., Figs. 22, 47.) 

The adult bodies of the crescent group may become more ovoidal, 
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then spherical, and finally form flagellated bodies of a smaller size than 
those of the tertian variety. (See Plate IL., Figs. 43, 44.) 

These forms do not develop in the circulating blood, but are found 
in the blood ten to twenty minutes after being withdrawn from the body. 
Their function is to carry on the existence of the parasite outside the 
body. 


The Life of the Parasite Outside the Body. 


The life-history of the parasite outside the body may be termed the 
extracorporeal cycle of its existence. It takes place in the body of cer- 
tain varieties of mosquito (genus Anopheles). This portion of the 
existence of the parasite has been until recently unknown. 

Two special forms of the malarial parasite have been observed in 
the infected blood. These are taken into the stomach of a mosquito 
which has fed upon a patient suffering from malaria. One is hyaline, 
the other granular. They may be distinguished morphologically. rom 
the hyaline form flagellated bodies are developed. The hyaline bodies 
may be considered the male, the granular the female element. Some 
of the flagella become free and penetrate the granular form. Thus a 
fecundated body is formed which imbeds itself in the stomach-wall of 
the mosquito and there undergoes development, reaching the mature 
state in about seven days. It then ruptures, setting free a number of 
thread-like bodies, which accumulate in the venenosalivary glands. 
The bite of a mosquito so infected is capable of transmitting malaria. 

A number of questions regarding the transmission of malaria 
remain still unanswered. It has not as yet been shown that this is 
the only method by which malaria can be acquired. There is no 
evidence that the infective agent can be transmitted from the mosquito 
to its progeny. The parasite, probably, can only be acquired by the 
mosquito from a person suffering from malaria. There is no positive 
evidence of any other way of acquiring the disease. Malaria has, how- 
ever, been produced experimentally by the injection intravenously of 
blood taken from a malarial patient. Only members of the genus 
Anopheles are capable of transmitting the disease. 

Genus Anopheles.—The differences between mosquitoes capable of 
transmitting malaria and those not capable are of interest. As stated 
above, only members of the genus Anopheles are capable of acting as 
carriers of the disease. The more abundant members of the genus 
Culex have, without exception, failed to act as transmitters of the 
heematozoén malarie. 

Prof. L. O. Howard, contrasting two species—Culex pungens and 
Anopheles quadrimaculatus—shows the following differences : 

In the adult the palpi of Anopheles are nearly as long as the sucking 
beak. The wings of Anopheles are spotted (vide Fig. 140). In the 
resting state in Anopheles the body and beak are held in the same 
plane. 

The eggs are laid loosely on the water ; they hatch in May in from 
three to four days. 
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The /arve are dark in color and remain at the surface. The breath- 
ing-tube is short. The body is held parallel to the surface. 

In Culex the palpi are short, the wings as a rule not spotted (Fig. 
141). In the resting stage the head and beak form an angle with the 
body. 

The eggs are placed perpendicularly to the surface of the water and 
are united together in masses. 

The darve hold their bodies at an angle of about forty-five degrees 


Fig. 140. Fig. 141. 


/ 
/ 
ere 


Anopheles punctipennis, much enlarged. Culex teniorhynchus, much enlarged, 


with the surface of the water. The breathing-tube is longer. They 
are light gray or faintly yellow in color. 

The distribution of Anopheles in the United States is as yet imper- 
fectly known. 

Incubation-period.—Inoculation-experiments have definitely deter- 
mined the length of the incubation-period. In quartan fever it is 
eleven to eighteen days; in tertian, six to twenty-one days; and 
in estivo-autumnal without crescents three to fourteen, with crescents 
thirteen to fifteen days. 

Pathological Anatomy.—The slaty-gray, brown, or black color of 
many of the organs is the most characteristic feature. This is spoken 
of as melanosis. It is due to the presence of the pigment produced 
by the parasite from the red blood-corpuscles. a 

Enlargement and hyperemia of the spleen, focal necrosis in the 
spleen and in the liver are very constant morbid changes. 

In the comatose forms the capillaries of the brain and cord are 
often thrombosed by masses of endoglobular, pigmented, or segmenting 
forms, thus causing punctiform hemorrhages, and so accounting for the 
cerebral symptoms. 
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The blood presents various degrees of ansemia—from ordinary 
secondary anemia to a form indistinguishable from primary pernicious 
anemia. 

The methods of examining the blood in cases of malaria will be 
given on page 425. 


VEGETABLE PARASITES. 


Fermentation and Infective Disease—It has long been thought that 
the group of acute specific diseases must have a special cause. The 
characteristics of this group are: (1) that they occur in epidemics ; (2) 
that they are obviously contagious and infectious ; (3) that each mem- 
ber is absolutely distinct from its fellows, and runs a typical course ; 
and (4)—the most important distinction of all—that the poison which 
gives rise to each of them multiplies in a marvellous manner. ‘Thus 
the introduction into a community of a single case of one of these dis- 
eases may he followed by the death of thousands from the same disease. 
For a long time nothing could be discovered to account for the appear- 
ance of these diseases, though they were obviously produced by some- 
thing which multiplied in the patient, which clung about his clothing, 
and which could be carried through the air for considerable distances. 
This ‘something ” was, and still is, called the “contagion” of the dis- 
ease. It was at the outset recognized that no gas could be a sufficient 

cause, for diffusion would soon put an end to its power for mischief. 
A fluid was still more out of the question. Contagion was, therefore, 
necessarily regarded as a solid in a state of very fine division—par- 
ticulate. ‘This view was confirmed by the discovery that it could be 
removed from fluids, both by subsidence (vaccine, Chauveau) and by 
filtration through porcelain—the poison not passing through the filter. 
These facts, taken with its power of multiplication, seemed to show that 
the contagion was some living organism, hence the origin of the conta- 
gium vivum or germ-theory of disease. In 1840, Henle clearly formu- 
lated the doctrine that living organisms, probably of a vegetable nature, 
were the causes of the acute specifics, and supported the view by argu- 
ments which have withstood all endeavors to refute them. 

Long before 1840, however, it had been noticed that a close parallel 
might be drawn between an infective disease and a fermentation. It 
may be presented thus :— 


Infection Sd op a nd) 3 ee Addition of ferment. 
Incubation: =: - Period during which nothing is noticed. 
Fever, outbreak, and course of disease Rise of temperature, and active fermentation. 
Decline of dideage > 6 6) ae Gradual cessation. 


Period of protection from same disease Addition of more ferment has no effect. 


It may be further noted that, except in cases in which yeast was 
added to the saccharine liquid, ihe source of the ferment in cases of 
alcoholic fermentation (accidental) was as mysterious as was the source - 
of the poison which gave rise to an epidemic of whooping-cough. 
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Many kinds of fermentation were speedily recognized—lactic, butyric, 
viscous, etc. ; and the close relationship of putrefaction to these processes 
‘was soon acknowledged. In each of these, organisms were found, and 
the proof of their causal relationship to the processes was gradually estab- 
lished, owing principally to the investigations of Pasteur. 

The germ-theory of fermentation is now universally adopted. Accord- 
ing to this view, the Saccharomyces cerevisie (yeast plant) is the cause of 
the alcoholic fermentation. The yeast-cells do not act directly on the 
sugar, but only through the medium of a substance produced by them, 
which does not itself undergo any change. This substance is known as 
an unformed ferment, and leads to the decomposition of the sugar and 
the formation of alcohol, carbon dioxide, glycerine and succinic acid. 
In the same way, according to Sydney Martin, the diphtheria-bacillus, 
resident in the false membrane, gives rise to a ferment which, circulating 
in the blood, produces—mainly in the spleen—the toxic albumoses to 
which many of the phenomena of diphtheria are attributed. 

If this analogy between infective diseases and fermentation were 
strictly true, we might at once infer that these diseases were caused by 
the growth and life-action of vegetable organisms in the tissues of the 
body, especially as many low forms of vegetable life have been found 
associated with such diseases. But the conclusion cannot be accepted 
on the evidence of so superficial a resemblance. The same stringent 
proofs must be afforded in the case of each disease as were demanded in 
the case of each fermentation. How far these proofs are forthcoming 
will be shown in the concluding part of the present chapter. 

The vegetable organisms, which have been found connected with 
the diseases of man (pathogenic) are all Thallophytes, or plants in 
which no distinction between stem and leaf exists; and, as they are 
all destitute of chlorophyll, they belong to the class of Fungi. The 
| parasitic fungi are of three kinds—Bacteria or Schizo-mycées, Yeasts or 

isto-myctics, and Moulds or Hypho-mycefes. The bacteria include 
the causes of putrefaction and several of the “ fermentations,” as well 
|as most of the organisms which are believed to produce the infective 
: diseases. They are, therefore, by far the most important group. 


I. BACTERIA OR SCHIZO-MYCETES. 
Morphology and Life-history.—The Schizo-mycetes or Fission- 


| fungi are, with very few exceptions, a-chlorophyllous, non-nucleated, 
uni-cellular organisms. Many of them approach the limits of micro- 
) seropie visibility, whilst all are very minute, the smallest diameter of 
a pathogenic bacterium rarely exceeding 1 py (35457 in-): 

: Form.—In form they may be said to follow, more or less closely, 
| one of three types—the sphere, the rod, and the cominc. The spherical 
| bacteria comprise those of any shape between a sphere and acube. The 
| rod-shaped bacteria may be short and thick with rounded ends, so as 
| closely to approach an oval ; or they may be long and thin with square 
| ends ; or chey may exhibit any possible combination of these features. 
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The commas in some cases are long and thin, in others short and thick : 
they differ also in their degree of curvature. Spiral and dumbbell forms 
are less common. Among the higher 

Fie, 142. bacteria more complex forms obtain. 

Long septate and non-septate filaments 
are found. These may undergo false 
branching or true branching (p. 282). 

Structure.— Bacteria appear struct- 
ureless. They consist of a peculiar 
form of protoplasm, known as myco- 
protein, the composition of which 
varies in different species. It is prob- 
able, from their great resistance to 
alkalies and dilute acids, that bacteria 
possess a cell-membrane formed of 
some carbo-hydrate allied to cellulose. 
“Blue milk” bacilli—stained by Loeffler’s During the formation of spores, and 

method to show flagella. > 1000. after the action of tineture of iodine, 

which stains and causes shrinking of 
the protoplasm, a fine membrane may be actually seen. It. is very 
elastic, and seems to form the inner layer of a gelatinous envelope, by 
more or less of which all bacteria are surrounded. 

Color.—Bacteria refract light strongly, and cause turbidity of any 
culture-fluid in which considerable numbers are present. Apart from 
artificial staining, a mass of organisms is usually colorless—7.e., white 
or grayish. Some bacteria are brightly colored, red, blue, yellow, ete., 
the tint being mainly in the envelope. Bacteria are stained with more 
or less facility by several anilme dyes, and many of them may be 
identified by their special staining reactions. The substance of the 
bacterium does not always take the stain uniformly throughout. This 
irregularity depends on spore-formation, on degenerative changes, or on 
the results of osmosis. It generally indicates that the organisms have 
been reared under unfavorable conditions. Some forms are stained brown 
by iron salts in water. The starch reaction with iodine is not rare. 

Movement.—Some rod-forms are motile—eg., B. typhosus, B. 
tetani: some never move—e.g., B. anthracis, B. tuberculosis. In most 
motile bacteria, when specially stained, one or more cilia-like filaments 
or flagella have been found. These seem to be connected not with the 
cell-membrane, but with the protoplasm. In some organisms one or 
more flagella are found at one end only ; in others, as in the cholera- 
spirillum, they may grow from both ends (Fig. 142); and in a few, 
among them the typhoid-bacillus, they are very fine and are attached 
all round (Fig. 143). By means of these flagella, movement is prob- 
ably effected. No motionless bacterium is provided with flagella, though 
on a few motile forms none have yet been found. Certain alge, larger 
and higher in the scale than bacteria, move in a similar manner, but 
have no cilia. In these cases the movement may be due to contrac- 
tions in the protoplasm. 
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Some bacteria have a motile stage and a motionless stage. In 
these cases motility can often be induced by varying the medium and 


Fra. 143. 


Typhoid bacilli—stained by Van Ermengem’s method to show flagella. 


the temperature. In some, motility occurs just before division ; in 
others, shortly afterward. 

Living bacteria are subject to attraction by certain substances 
(chemotaxis, p. 172). Thus typhoid-bacilli are attracted by potato- 
juice. A good supply of oxygen seems to be necessary for the active 
motion of some forms. 

Reproduction by Fission All bacteria multiply by transverse di- 


Diagram to show methods of reproduction by fission. a, fission in one direction—the segments 
lengthening as they divide; }, fission in two directions—each segment subsequently divides 
in the same direction as in a, ¢, fission in three directions—in one direction division takes 
place in two parallel planes; d, fission in three directions. 


vision. In the rod-forms this occurs in a direction at right angles to 
the long axis. In the spherical forms it may take place in two or in 
three directions, at right angles to each other. Thus, one cell may 


1 
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divide by a single act of reproduction into two, four, or eight equal seg- 
ments. If division occur in two or more parallel planes before the sepa- 
ration of the segments takes place, the number of these will be largely 
and proportionately increased (Fig. 144, ¢). A cell, which divides in 
a single plane, elongates as it divides, so that the progeny retain the 
proportions of the original parent-cell. 

The first sign of division is the appearance of a fine transverse 
colorless line crossing the cell, continuous at its ends with the cell- 
membrane, and often at first imperceptible until stained with iodine 
—a point to be remembered in estimating the length of apparently 
single cells. 

The new cells formed by fission may at once separate from the 
parent, or they may for a time remain united to each other, end to end. 
In this way pairs or chains of cocci and long filaments of rods are 
formed. A mass of organisms lying side by side in more or less 
spherical colonies, and bound together by a viscid substance, formed 
of swollen cell-membrane or of mycoprotein, is known as a zodglea.* 


Colonies of bacteria, In this figure the enormous difference that may exist between the group- 
ing of one mass of organisms and that of others isshown. (After Sternberg.) 


Zodgloeee often combine to form constant characteristic appearances 
by which the organism may be recognized, even by the naked eye 
(Fig. 145). Large aggregations of bacteria are always slimy owing to 
the zodglee. The “ frog-spawn” coccus (Leuconostoc) may fill whole 
yats in sugar-factories, Crenothrix Kihniana and Cladothrix dichotoma 
may block water-pipes and cover reservoirs to a depth of several feet, 


* Cocei and micro-cocci . Spherical or nearly spherical. 


Diplecoccijem-arm) . . COCCl in pairs. 

Streptococci . - - . - Cocci in chains. 

Staphylococci. . . . . Cocei in groups like bunches of grapes. 

Tetrads . . . .- - - Group of four cocci produced by imperfect cleavage. 
Sarcine ..... . - Group of eight or more cocci, similarly produced. 
Microbacterium . Length not more than twice breadth. — 
Desmobacterium . . - Length more than twice breadth. 

Bacillus . . . . Straight desmobacterium. 

Spirillum and vibrio . Curved desmobacteria. 

Spirocheta. .  . . . Flexible, corkscrew, desmobacterium. 

Leptothrix ... . . . Long unjointed thread, 

Zooglosa. eee e-meme Group of agglutinated bacteria of any form. 
Clostridium .. . . - Bacillus with transverse projection. 


Spirobacterium . . . . Curved bacterium. 
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and a species of Beggiatoa covers a large area at the bottom of the 
Bay of Kiel, called the “dead” ground because fish avoid it: these 
few examples show how extensive may be the development of zodgloez. 

The time occupied in division varies in different species from ten 
to thirty minutes ; and, as the offspring proceed at once to divide like 
their parents, a single bacterium may, in twenty-four hours, give rise 
to more than 16,000,000. 

Reproduction by Spores.—Another method of propagation, or, more 
correctly, state of existence (resting stage), is met with among the 
fission-fungi—namely, the formation of spores. Spore-bearing organ- 
isms have been divided into two groups—endosporous and arthrosporous. 

(1) The endosporous group consists of certain long rod-forms 
(bacilli) and some spiral forms. The spore first appears as a minute 
point in the cell, enlarging rapidly, and often attain- 


ing maturity in a few hours. It is then a clear, Fra. 146. 
round or oyal, highly refracting body, which has evi- coo 
dently grown at the expense of the cell-contents : fe ® 
the latter gradually disappear (Fig. 146). A spore = q 
consists of protoplasm and fat enclosed in a firm 0 
capsule. It is quite exceptional to find more than 0 
one spore in a single segment. Spores have often a of e 6] 
very close resemblance to vacuoles. They are ex- "9 0 8 
tremely resistant to unfavorable surroundings, owing, 0 @ 
apparently, to the qualities of their fine limiting _ 
membrane. This characteristic, and certain special Pe 
staining affinities, together form the most distinctive Qa 0 n> 
features of this stage. Spore-formation only takes 0 
place under special conditions, which are generally  gacinus anthracis, 


not those altogether favorable to growth and multi- 
plication. But it can hardly be regarded as evidence 
of lowered vitality, for spore-formation in anthrax 


showing spore-for- 


mation in bacilli 
and free spores. 
x 1000. 


bacilli can be arrested by reducing the temperature 

of the organisms below 90° C. or by introducing certain modifications 
into the culture-media. Fission ‘and spore- -formation may go on 
together. 

If after long periods of quiescence spores are placed in favorable 
conditions, germination takes place: their capsule bursts and is shed, 
they lose their fine dark outline, and the new adult (vegetative) cell 
grows out—usually in the direction of the long axis of the spore. 

(2) In the arthrosporous group no spores are found within the cells, 
but certain cells, during the process of division by fission, exhibit un- 
usual powers of resistance, and are, therefore, regarded as spores. 
Sometimes these arthrospores are reer than the rest of the cells: 
in other instances no difference in appearance can be made out. 

As an example of the first variety, the frog-spawn coccus may be 
chosen. It consists of chains of cells agglutinated into zodgloee, and 
the zodgleea-forms are blended together into irregular masses as large 
as, ur larger than, a hazel-nut. Here and there a cell in the chain 
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becomes larger than its fellows, all of which die. The large cell, if 
transplanted, germinates. 

Some authorities hold that all micrococci and microbacteria are 
examples of the second variety. No distinction can, however, be drawn 
between the early and late stages of cocci, and it is better, therefore, 
not to include spherical forms among spore-bearing organisms. 

Many bacteria are monomorphic—that is, each individual organism, 
from the beginning of its existence to the end, preserves the same form. 
Slight inequality in the size and form of the cell is the only variation 
that such organisms present. Others are more or less pleomorphic— 
i.e., in their life-history, spores, rods, filaments, and zodgloee can be 
traced, co-existent, or succeeding each other. 


Conditions of Life and Growth.—There is often a marked con- 
trast between the conditions essential to the mere existence of an 
organism and those which are necessary for its rapid growth. 

Food.—Each variety of fungus seems to differ somewhat from all 
others in its food-requirements, though all must be supplied with the 
materials whence they can obtain the elements of which they uniformly 
consist. These are carbon, hydrogen, nitrogen, phosphorus, sulphur, 
calcium, magnesium, and potassium. The first four are generally pro- 
vided by carbohydrates and proteids, the rest by inorganic salts present 
in animal and vegetable tissues. In general terms, bacteria thrive on 
the complex substances present in dead and dying organic tissues, con- 
verting them into simpler compounds. Certain bacteria, however, can 
assimilate nitrogen and carbon from much less complex substances 
than albumin and carbohydrates when these are not available. This 
is shown by the growth of putrefactive organisms in Cohn’s fluid 
(phosphate of potassium, 0.5 ; sulphate of magnesium, 1 ; phosphate of 
calcium, 0.05 ; tartrate of ammonium, | ; water, 100). For the growth 
of others, however, the more complex bodies are essential. Thus, 
beer-yeast will not grow unless glucose, or some body convertible into 
it, is present. It is possible that such a medium and such conditions 
could be discovered or constructed for each fungus, that it alone would 
grow in them. Raulin worked out the composition of such a fluid for 
a mould (Aspergillus niger), and proved the value of each constituent 
by estimating the diminution in the weight of the plant yielded by a 
certain quantity of the culture-fluid from which the special constituent 
under investigation had been withdrawn. Very slight differences in 
the composition of the food-material may favor the growth of one 
organism more than of another. Niigeli found that in a neutral fluid 
containing sugar, in which were moulds, yeasts and bacteria, only the 
last flourished—causing lactic acid fermentation ; but the addition of 
half per cent. of tartaric acid brought the yeasts to the fore, with the 
formation of alcohol; while the addition of “four to five per cent. of the 
same acid caused the moulds to develop. The reaction of the fluid has 
a marked influence in this respect. As a rule, acidity is unfavorable to 
the development of bacteria, alkalinity fayorable—the reverse usually 
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holding for yeasts and moulds. Very slight differences may suffice to 
prevent the growth of a bacterium; for example, Koch was unable to 
produce any disease in jield-mice with an organism which always pro- . 
duced fatal septicemia in house-mice. Some similar difference would 


. seem to exist between two men exposed to the poison of an infective 


disease, one of whom catches it, whilst the other does not. A very 
slight, practically imperceptible, change in the metabolism of the body 
or of a part may enable organisms to flourish there, even though they 
were quite unable to do so a short time before. 

Environment.—Many chemical substances are inimical not only to 
the growth but also to the very existence of organisms. It has been 
suggested that the term “antiseptic ” should be reserved for those sub- 
stances which prevent their growth but which do not cause their destruc- 
tion ; while those which actually kill the germs should be called “ germi- 
cides.” But the distinction is not an absolute one. The difference 
in many cases depends on the degree of concentration. Thus most 
germicides can be so diluted that they act only as “ antiseptics,” though 
the converse is not equally true. 

Mercurie chloride is, on the whole, the most powerful chemical germi- 
cide known. A solution of 1: 1000 will kill any spores in half an 
hour. Its power is increased by the addition of five times as much salt 
or of hydrochloric acid, while it is seriously diminished by the presence 
of an albuminous fluid, and absolutely destroyed by the addition of 
alkalies, and, therefore, of soap. 

A 1:20 watery solution of carbolic acid rapidly destroys fully devel- 
oped bacteria, but takes a few days to kill the more resistant spores. 
The addition of hydrochloric acid (half as much) increases its germicidal 
value. On the other hand, anthrax-spores have survived for three 
months at 1 : 20 of carbolic acid in oil. Typhoid bacilli have an unex- 
plained tolerance for carbolic acid. Salicylic acid, boric acid, sulphur 
dioxide, chlorine, bromine, iodine, and a multitude of other substances 
have a weaker germicidal action. 

It will be readily understood that the germicidal power of any sub- 
stance must to some extent depend—(1) on the nature of the organism ; 
(2) on the vitality of the particular specimen in question ; (3) on any 
physical conditions that may interfere with immediate contact ; and (4) 
on the presence of any neutralizing or incompatible substances. It must 
be remembered, too, that the rapidity and extent of the effect produced 
on organisms separated by cultivation from all the constituents of the 
exudations and secretions in which they are commonly found, as well as 
from other organisms that may usually coexist, is no evact measure of 
the effects that will be produced when wounds, cavities, surfaces of the 
body, or excreta are concerned. Neither must it be forgotten that the 
very substances which are most efficacious in destroying organisms are 
generally those which interfere most readily with the nutrition of the 
tissue-cells, 

Water.—Nothing that is really dry ferments. The presence of some 
water is essential to the development of all fungi, for it acts as the 
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medium for conveying oxygen and food-substances into the cell. It is 
easy to add too much or too little for a given species. The moulds 
require less than the yeasts, and these, again, less than bacteria. Upon 
jam, dried by addition of sugar, moulds often grow ; if less sugar be 
added, or more water left in the fruit, alcoholic fermentation is common ; 
whilst, if the proportion of water be still greater, putrefaction may 
occur. 

Desiccation destroys some mature bacteria within a few days or hours, 
while others resist drying for months, and spores of the endosporous 
groups do so for years—it is impossible to say how long. Thus, dried 
cholera-spirilla die in three hours, whilst dried typhoid-bacilli_ survive 
nearly as many months, and diphtheria-bacilli longer still. 

Oxygen.—Pasteur has divided fungi into two varieties—aérobic and 
anaérobic. The presence of oxygen is essential to the members of the 
first group, while it is fatal to those of the second. Aspergillus niger, 
B, subtilis, and Mycoderma aceti are examples of the first group (obliga- 
tory aérobes) ; the bacilli of tetanus and of malignant cedema belong to 
the second (obligatory anaérobes). By far the larger number of patho- 
genic organisms are able to live either with or without oxygen—at least 
for a considerable time. An organism which thrives best in the presence 
of oxygen, but which can grow in its absence, is said to be “ aéroVic and 
capably anaérobic” ( facultative anaérobes) ; and vice versd. The first 
of these groups is the most important, and includes the bacilli of anthrax, 
tuberculosis, typhoid fever, and diphtheria. 

Oxygen under pressure may prevent the growth of, and, after 
months, kill, even aérobic organisms. These spores, also, according to 
Duclaux, retain their power of germinating much longer than if oxygen 
is excluded ; if true, this may partly explain the action of air as a dis- 
infectant. 

Temperature—EKach organism flourishes best at a particular tempera- 
ture. All will grow, but less actively, at temperatures somewhat above 
or below this point. Now no organism can become parasitic unless the 
temperature at which it grows corresponds to that of some part of the 
body to which it finds access. Hence it happens that all pathogenic bac- 
teria grow readily ut about the temperature of the human body. In some 
eases the range within which growth is possible is very limited. Thus 
the tubercle-bacillus only thrives at a temperature of 99° F. (37° C.), 
while its growth is absolutely confined within a range of from 82° F, 
to 108° F. From this it may be inferred that this bacillus is less likely 
to exist as an external than as an internal parasite ; and that, when it 
does affect the surface, its growth is likely to be slower and its progress 
mere easily arrested. Other organisms, such as those of cholera and 
typhoid fever, can, in suitable media, grow at a temperature as low as 
60° F. ‘These can therefore easily multiply apart from the body. The 
general statement may be made, with regard to bacteria, that reproduc- 
tion ceases when the temperature is reduced to 40° F., and in the ease 
of many organisms at a much higher point; but they do not necessarily 
die. Though rendered rigid and motionless, some can survive extreme 
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cold. The spore-bearing B. anthracis has been frozen in a fluid at 
—110° C. without injury. The maximum temperature at which bacteria 
can grow is in most cases between 100° F. and 120° F. By further 
rise of temperature, rigidity and death are induced—more easily in moist 
than in dry conditions, and much more easily in the adult than in the 
spore-form. The reaction and nature of the medium in which the germs 
are heated have a decided influence. Boiling, and indeed a much lower 
temperature (140° F.) than 212° F., will kill the great majority of 
fungi ; but solutions containing spores may need exposure to a tempera- 
ture of 212° F. for many hours before they are completely sterilized. 
Thus Tyndall failed to sterilize a hay-infusion by eight hours’ boiling. 
This prolonged resistance of spore-containing fluids to boiling is explained 
by supposing that fresh generations of adult organisms are developed 
after the boiling is over, from spores able to resist that temperature for 
a long time—a view supported by the fact that such fluids may be readily 
sterilized if boiled, for a few minutes only, on four or five successive occa- 
sions at intervals of several hours. 

In like manner alternate freezing and thawing destroy organisms 
more rapidly than continuous freezing. Typhoid-bacilli succumb to this 
treatment in a month, while they resist continuous freezing more than 
three times as long. 

Some vegetable (adult) forms have been found which withstand tem- 
peratures higher than those named. Duclaux found some bacilli (tyrothrix 
in cheese) which, when suspended in slightly alkaline fluid, were not de- 
stroyed by 100° C.; but in an acid medium were killed in a minute: 
the spores were not destroyed by 115° C. Other species exist, the spores 
of which have withstood a moist heat of even 130° C. 

Streaming steam has a more powerful germicidal action than super- 
heated steam. This is probably due to its greater degree of moisture, 
and its consequently greater penetrating power. 

The dry spores of the B. anthracis and of the B. subtilis may survive 
nearly three hours’ exposure at 140° C. 

Rest.— Most fungi flourish better in a still medium than in one whose 
particles are constantly moving; whilst the B. anthracis divides actively 
in the blood-stream, many other kinds (e. g., Micrococcus septicus) seem 
always to settle before multiplying. 

Light.—Light, especially bright sunlight, has a destructive influence 
on organisms. The rays from the violet end of the spectrum are said to 
be the most powerful, those from the red end the least. Al organisms 
do not suffer equally. Recorded experiments on this subject are contra- 
dictory. The contradiction may be due to the difficulty in excluding the 
influence of desiccation, oxidation, and changes in the media in which 
the organisms are placed. Combined with these, light unquestionably 
forms a valuable means of disinfection. 

Soil— A part from their degree of moisture and from the presence 
of other organisms, the influence of most soils on the growth of patho- 
genic bacteria does not seem to be marked. Pet, however, has a dis- 
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tinctly destructive influence upon the organisms of cholera and typhoid 
fever (Dempster). 

These are the principal means by which the growth of organisms can 
be modified. Absence of growth does not necessarily mean death of the 
organism. If the conditions are unfavorable the cells will not develop, 
but they may not die. By making a comparatively small change in 
some of the above conditions, the development, and consequently the 
action, of any given organism may be prevented. This may often be 
possible when it is quite out of the question to employ measures powerful 
enough at once to destroy the organisms themselves. 


Distribution of Bacteria in Nature.— Where are these microscopic 
vegetable organisms to be found? A putrid wound swarms with them. 
Whence do they come? There are two possible answers. (1) They 
may find access to the body from some outside source. (2) They may 
exist in the healthy body, developing only under special circumstances. 


(1) Earth, Air, or Water may be the Habitat of Germs. 


(a) Earth—The soil is the principal storehouse of organisms. Por- 
tions of mould taken from the surface, and dropped into a sterilized 
culture-fluid, invariably infect it. Pyogenic cocci and the bacilli of 
tetanus and malignant cedema are among the forms usually found. In 
winter Koch failed to find any organisms at a depth of one metre in soil 
which had not been recently disturbed, which was not formed largely of 
decomposing material, and into which no unusual amount of water had 
penetrated. 

All solids in contact with air, including the surfaces of animals, have 
organisms upon them. 

(6) Air.—Spores of moulds are the commonest forms of aerial bacteria, 
then bacilli and their spores, whilst putrefactive organisms are compara- 
tively rare. Organisms of some kind exist in the air everywhere except 
away from all life—in mountains above the line of perpetual snow, or 
on the ocean far removed from land and ships. In such places a steril- 
ized fluid would not decompose, even if left exposed till it dried. But 
wherever life is found germs are found. They increase in number as the 
population grows and as putrescible material becomes more plentiful. 
Hesse found that the air in a hospital-ward in Berlin contained thirty 
times as many bacteria as the air out of doors. In some parts of Lon- 
don it is possible to pour sterilized fluids from one flask into others with 
the result that but a small percentage will become turbid from the growth 
of germs; in other parts every flask will be infected. Precautions 
against infection become more necessary as density of population and 
imperfect ventilation increase, and it is obvious that in the hospitals of 
large towns such measures, to be successful, must be most stringent, for 
here putrefactive organisms will be comparatively numerous. 

The air is kept supplied with organisms from the surfaces of objects 
over which it passes. The dust left as the final result of putrefactive 
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processes is a fertile source of contamination. Perfectly still air 
becomes pure by subsidence of its germs. 

(c) Water—All water, except such as comes from a great depth 
(Artesian wells), contains organisms. Rain-water sweeps the air, and 
infects the soil with the germs which it carries down. All surface- 
water is infected from the ground through which it soaks. River-water 
is exposed to all possible sources of pollution. It is scarcely necessary 
to add that, unless the water contains sufficient organic matter to serve 
as food for the fungi, no multiplication will take place, and that, sooner 
or later, the germs will die,’though perhaps not for many weeks. 
Typhoid-bacilli in tap-water rarely survive for more than three weeks. 
The existence of many organisms in a sample of water points to the 
existence of much organic impurity, or to a continuous and plentiful 
supply of organisms. 


(2) Organisms exist in and on the Living Body. 


Bacteria exist in large numbers on the external (skin) and internal 
(6ronchial and alimentary) surfaces, which are in contact with air. On 
the skin they are most numerous on the hands—beneath the nails, and 
in the folds of skin about the nails ; and on parts pr ovided with hair and 
large glands—e. g., the scalp, axilla, and perineum. Special care is 
therefore required to disinfect these parts. Inhaled with the breath, 
organisms are found in the larger bronchi; but the smaller tubes and 
alveoli are probably free, for Tyndall has shown that the complemental 
air is pure, as it causes a non-luminous gap in an electric beam thrown 
across a dark room. Further proof lies in the fact that empyemata 
communicating with the air through the lung generally remain free from 
putrefaction, whilst empyemata following an external wound of the 
pleura always putrefy. 

With food and drink many living germs are carried into the alimen- 
tary canal. All kinds of fungi swarm in the mouth. There are fewer 
in the stomach, for the acid gastric juice is unfavorable to the develop- 
ment of most of them. They become more plentiful in the duodenum 
even before the food has become alkaline; and the food, when mixed 
with the pancreatic juice, swarms with organisms. Indeed, the products 
of normal pancreatic digestion and those of the ordinary putrefaction 
of albuminoids are practically the same. Throughout the whole intes- 
tine, but varying with the products and stages of digestion, enormous 
numbers of organisms occur, In abnormal states of the mucous mem- 
brane, or in too prolonged retention of intestinal contents, the fungi 
may multiply and excite irritation, and even poisoning, by the products 
of their action. Experience shows that after death putrefaction begins 
in the abdomen, spreading from the alimentary canal. 

By obtaining pure urine directly from the urethra, Lister showed 
that a healthy urinary tract is free from organisms. 

Bacteria on the skin and mucous surfaces may fairly be regarded as 
external to the body proper—. e., to the tissues. 
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Organisms are found in the tissues in many diseases. There are two 
routes by which organisms may reach the tissues. One is through the 
skin, the other through the mucous membranes, especially the respiratory 
and the alimentary. 

1. Skin.—As a general rule, uninjured epidermis is impervious to 
organisms ; and in practice nearly all organisms that gain access by 
this means enter through wounds or slight abrasions. Pustules have, 
however, been produced by rubbing into the skin a pure culture of the 
Staphylococcus pyogenes aureus. Inoculation in these cases seems to 
have occurred through the walls of the hair-follicles or the sweat-duets, 
as it does in the case of acne-pustules. 

2. Mucous Membranes.—If organisms enter by the skin it is @ fortiort 
likely that they will also enter by the mucous membranes. To decide 
this question so far as the respiratory tract is concerned, animals were 
placed in an atmosphere impregnated with anthrax-spores. Anthrax is 
a particularly suitable organism to use as a test, from the readiness 
with which it thrives in the normal tissues. In an experiment of 
Buchner’s, out of sixty-six animals thus treated, fifty died from anthrax. 
It is unlikely that the organisms were swallowed and absorbed through 
the wall of the alimentary tract ; firstly, because, while large numbers 
were found in the lungs, few or none were present in the spleen ; and, 
secondly, because out of thirty-three animals fed on double the propor- 
tion of anthrax-spores only four succumbed. These experiments not 
only showed that in the case of anthrax the organisms can gain an entry 
through both these mucous membranes, but also that the entrance 
through the respiratory mucous membrane is the more readily effected. 
In the lung they are probably taken up like carbon-particles, carried to 
lymphatic glands, and thence perhaps to the blood. It is difficult to 
deny that in many cases there may have been some slight injury at the 
point of entry. 

Ordinarily, as above said, fresh human urine is sterile ; but if ani- 
mals are fed on putrid material, living organisms may be found in the 
urine. This is also the case when a large quantity of washed putre- 
factive organisms is injected into the circulation. Many of the germs 
are carried to other organs besides the kidneys, and are found as yellow- 
ish masses in the capillaries ; they are unable to thrive in the healthy 
system, and die and disappear in two or three weeks—often much more 
rapidly. From the above data it is probable that, under ordinary 
circumstances, organisms can pass through the mucous membranes of 
man in small quantities only, and that any which do enter soon die, and 
do not reach the urine alive. 

Experiments have been made to determine whether organisms are 
habitually present in healthy tissues. Portions of healthy organs have 
been removed with aseptic precautions and placed under conditions best 
calculated to encourage the growth of any organisms that might be 
present, as well as to prevent their contamination from any extraneous 
source. Whilst the results have been contradictory, the balance of 
evidence seems to be distinctly in favor of the view that, as a rule, no 
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living germs are to be found in healthy tissues. That the blood may con- 
tain living pyogenic cocci is probable from the frequency with which 
inflammation and abscess result from bruises occurring in depressed 
states of the system (p. 271), without any break in the continuity of 
the epidermis (p. 268). If, however, cocci could ordinarily obtain 
access to the tissues by means of the vessels, it would be impossible by 
antiseptic treatment (adapted to prevent the entry of living cocci from 
without) to prevent suppuration of wounds, for this would occur from 
causes reaching them from within, 

Again, the rarity with which any collection of putrescible fluid in 
the body undergoes putrefaction (notwithstanding the suitability of the 
temperature), and the certainty with which by care we can keep wounds 
“sweet,” seems to be strongly against the existence of putrefactive 
fungi in healthy tissues. It is certain, however, that if these do gain 
access they may survive for some hours; so that the putrefaction of 
removed portions of tissue, usually attributed to want of care, may 
sometimes have been due to the presence of living germs in those por- 
tions at the time of their removal from the body. Again, if a suitable 
nidus be provided for the development of organisms, they multiply and 
set up their characteristic decomposition. Thus, Chauveau performed 
bistournage of a sheep’s testis—i. e., subcutaneous torsion of the organ 
and its main vessels—in one case before, and in another after, the 
injection of septic bacteria into the blood. In the latter case, in which 
the testis presumably contained imprisoned organisms, it broke down 
into a putrid fluid, and excited much inflammation around. In the 
former, in which the injected bacteria were shut off from the damaged 
testis, the organ underwent the fatty changes previously described (p. 
33). This is the invariable course when under normal conditions the 
operation is performed as a method of castration: it shows. that, nor- 
mally, organisms are not present in the sheep’s testes. 

Some organisms, however, seem capable of flourishing in tissues 
which are perfectly healthy—e. g., the contagia of the acute specific 
fevers, and the B. anthracis. Even here there is some very obscure 
difference between individuals of the same or of closely allied species, 
which renders some of them suitable media for the development of 
certain organisms, whilst others are unsuitable—i. e., more or less pre- 
disposition is required even when a particular species is liable to a 
disease. Thus, some people do not appear capable of contracting the 
acute specific fevers: children are more subject to these diseases than 
adults: Algerian sheep are immune to anthrax : young dogs are easily 
inoculated with the B. anthracis, but old ones are not. One great 
difficulty in the experimental study of the infective diseases of man is 
to find animals which are subject to them. Many organisms will thrive 
only in some particular tissue or fluid of the body : thus, some multiply 
in the blood, others in lymph, some in bone (osteomyelitis), others in 
the cerebrospinal meninges (epidemic cerebrospinal meningitis). (See 
Meningococcus.) 

Vonclusions.—Organisms in great variety, but in very varying num- 
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ber, exist in air, water, earth, and on all objects exposed to air, on the 
skin and on those mucous surfaces which are in contact with air. 
Organisms can probably pass through the pulmonary and intestinal 
mucous membranes in small numbers, but the majority soon die if the 
tissues are healthy. It isa rare thing for such bacteria to reach the 
urine alive. Occasionally, however, bacteria which can develop in living 
tissues gain entrance, and the individual invaded is then in more or less 
danger of disease. Organisms which can thus injure the tissues and 
produce diseases are termed pathogenic. The factors which regulate their 
growth in the tissues will be considered in the next section. 

In the meantime it may be concluded that organisms found in a 
wound have entered it from without; that fungi found in pathological 
lesions within the tissues have entered by a wound or through a mucous 
surface ; that neither living organisms nor their spores exist normally 
in the tissues ; and that in health they are never eliminated alive by an 
excretory organ or by a wound. 

This is of fundamental importance in surgery.. If organisms could 
enter a wound from the side of the tissues, aseptic treatment would be 
impossible. As it is, we know that, if no loophole is allowed for the 
entry of germs from without, wounds will remain free from bacterial 
infection, and patients will be saved from pyeemia and _ septiceemia. 
If organisms once gain access to the tissues, it is extremely difficult to 
destroy the organisms without destroying the tissues as well (p. 261). 

Fate of Organisms in Living Tissues.—It by no means follows 
that pathogenic organisms, which have actually entered the tissues, will 
always multiply and give rise to disease. Just as in the case of in- 
fective inflammations, so in all other infective diseases, there are two 
factors in the production of disease—the attack of the germs on the one 
hand, and the resistance of the tissues upon the other (p. 175). 

Supposing the conditions to be favorable to their growth, patho- 
genic fungi differ much in the course which they pursue. Some remain 
about the spot at which they first settled. Others, with different 
degrees of rapidity, spread by continuity of tissue. Others, again, are 
earried along in the lymphatics, settling in them here and there, or 
passing on until the nearest glands are reached. Another group enter 
the circulation at once, and are carried in the blood all over the body. 
Some species remain and multiply in the blood, and, in translucent 
parts, may be seen in the marginal stream in the veins; others, again, 
require to be deposited from the blood at some spot predisposed to 
receive them. Escape from disease after exposure to infection is doubt- 
less often due to the deposit of germs at spots other than “ weak ” 
ones. The spread of organisms in the tissues, like that of an abscess, 
always occurs along the lines of least resistance. 

Tt is not necessary that the organisms should enter the tissues at all 
in order to produce disease. In diphtheria the bacillus rarely extends 
beyond the false membrane; this becomes simply a factory of the 
ferment, which is rapidly distributed throughout the body, giving 
rise, in the tissues, to the albumoses already referred to. In cholera, 
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too, the bacillus is only found in the intestine, while its products are 
rapidly absorbed and lead to the well-known symptoms. It is there- 
fore clear that the effects of the action of organisms in the body are 
very varied. Sometimes they are strictly local. A small mass of 
organisms, by means of its chemical products, excites an inflammatory 
focus and exerts a peptonizing, caustic, or other action on the tissues 
in which it lies (Fig. 146). The action is limited to invasion of the 


Malpighian corpuscle (a) from kidney in acase of septic embolism. The dark patches are 
“colonies’’ produced by the growth of pyogenic cocci arrested in the capillary tuft (a). The 
chemical products of the organisms haye entirely obliterated the normal characters of the 
tissue, which is crowded with leucocytes. > 100. 


tissues near the point of entry. Sometimes the action is less strictly 
local. Such inflammation is called diffuse. Occasionally the mere 
mechanical plugging of the vessels may be of importance. The accom- 
panying figure (Fig. 147), showing the bacillus of anthrax in the vessels 
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Mouse’s lung; vessels plugged with bacillianthracis. a, alyeolus; v, vein fullof bacilli; ¢, eapil- 
laries also full; br, bronchus. > 400. (Horsley.) 


of a mouse’s lung, gives an idea of the extent to which this process 
may be carried. 

Sometimes, when the organisms multiply in the blood, or discharge 
into it the products of their action, the most marked effects are general. 
These consist mainly of fever, wasting, and coma, from the action of 


\ 


270 PARASITES. 


substances circulating in the blood, the coagulability of which is some- 
times lessened. In others, again, in addition to the strictly local and 
general effects, the circulating products attack special parts—as in 
diphtheria, in which they cause marked degeneration of certain nerves, 
and consequent local paralyses. Possibly parasitic fungi also produce 
some effect by the abstraction of nourishment from their host. 

Reference must here be made to the conditions which influence 
the two factors in question (p. 268)—increasing or diminishing the 
power of the organisms, or the resisting capability of the tissues. 

1. Arrest of an organism is absolutely necessary before it can by its 
metabolism produce Jocal irritation and inflammation, for if its products 
are poured into the circulating blood they become too dilute to effect any 
local injury. Thus, pygenic cocci have frequently been found in the 
blood of persons having no abscess. Again, lymphadenitis is much 
commoner than lymphangitis, not because the glands are more accessible 
to organisms than the vessels, but because the organisms are more likely 
to be arrested in the narrower and more sinuous channels of the former. 
But such arrest is not necessary for organisms which, like those of septic 
infection of mice, act by pouring into the blood poisons which cause fever 
and other symptoms. Still, though rest is only essential to the multipli- 
cation of some organisms, it is advantageous to the growth of all. 

Organisms circulating in the blood may be arrested in one of many 
ways. Of these the commonest are embolism, thrombosis, extravasation 
of blood from injury, and the migration and subsequent death of a leuco- 
cyte bearing in its interior one or more living germs: this last will occur 
most easily in parts in which the vessels are distended and the circulation 
slow (venous congestion). It is conceivable that a germ might escape 
unaided from a vessel under these circumstances just as a red corpuscle 
does, especially when the influence of bacterial chemotaxis is borne in 
mind, Numerous methods have been successfully devised to cause the 
detention of organisms in capillaries through which they could ordinarily 
pass—such as mixing them with sterilized cinnabar or potato-starch. 
It is possible that the “clumping ” of cocci en route may also lead to 
plugging of vessels, and may explain the unusual sites of many minute 
abscesses in pyeemia. 

2. Predisposition —Unless there is predisposition to suffer from the 
products of the organisms thus arrested, their impaction in vessels may 
not be sufficient to enable them to excite inflammation. Thus, in rabbits 
Ribbert found numerous masses of pyogenic cocci in the capillaries of 
the lung and other organs twenty-four hours after their injection ; but 
all disappeared in forty-eight to seventy-two hours except in the kid- 
neys, where alone abscesses formed. Rabbits are less prone than man 
to suffer from these organisms: and in them at all events, and very 
likely in man also, the predisposition of the tissues must be increased before 
these particular organisms (pyogenic cocci) can excite inflammation. The 
predisposition to suffer from the attacks of organisms is increased by 
general depression of vitality. ‘This may arise from privation and faulty 
hygienic surroundings. Depressed vitality is also seen after severe 
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attacks of acute fevers, and in alcoholic, albuminuric, and diabetic 
patients. Among these, trivial wounds often prove serious, and opera- 
tions should, if possible, be avoided, as pyogenic cocci easily gain access, 
and eeliniiGe. boils, and carbuncles result. Among savage races and 
animals, serious wounds frequently heal by first intention. Local de- 
pression of vitality may be brought about by any kind of injury, and it 
is here that the “simple” causes of inflammation chiefly come in as 
predisponents, rendering the tissues more open to the attack of micro- 
organisms. It has been experimentally demonstrated that anemia or 
passive hypereemia of a part for some hours enables septic cocci to settle 
and excite a progressive inflammation. Thus Waterhouse injected 
staphylococci subcutaneously into his own scrotum with a negative 
result. He then constricted a portion of it, until it was purple and 
swollen, and made a second similar injection. An abscess resulted. 
The effect of comparatively slight mechanical injury in leading to simple 
abscess, osteomyelitis, and tubercular disease of joints has long been 
known, and it has been proved that such lesions act either by simply 
depressing the tissues or by causing extravasation of blood, and thus 
allowing germs which cannot grow in the circulating blood to pass out 
into the connective tissue, there to multiply and excite inflammation. 
Ordinary chemical irritants similarly depress the tissues and excite 
simple inflammation, and Cheyne points out that strong injections into 
septic cavities probably facilitate the entry into the general circulation 
of any organisms which the injections fail to destroy. The injurious 
effect upon the tissues of great cold or heat applied directly to a part 
needs no comment, and Lassar’s experiments (p. 177) show the effect, 
upon internal organs, of cold applied to the surface: and though it is 
not yet known how the cold acts, we may conclude that it would facili- 
tate the passage of organisms into the tissues of the parts which become 
interstitially inflamed. It would seem, however, that pyogenic cocci and 
other organisms circulating in the blood do not enter the inflamed area 
and pass out into the damaged tissues during all stages of the inflamma- 
tory process: they do so readily until the stage of free emigration of 
leucocytes is reached, w ’s experiments—they 
are no longer to be found in the vessels of the inflamed area. Cocci 
injected during the formation of scar-tissue are said to enter the vessels 
of the damag ed parts in excessive numbers. Thence they may pass out 
into the tissues, but when the scar is fully formed no such difference is 
noticeable. The explanation given of these observations is that in the 
early stage of inflammation the tissues are weakened by the injury and 
unable to cope with invading organisms, which consequently multiply 
in them; but in a more advanced stage, when free escape of leucocytes 
is occurring, the damaged tissues are infiltrated by a swarm of healthy 
active cells and by an antagonistic fluid, both capable of destroying 
pyogenic cocci. Scar-tissue again, in its early vascular stage, seems % 
be of feeble resisting power. Cheyne points out that acute osteomyelitis 
and tubercular disease are often induced by slight injuries, rarely by 
severe, which seem to excite too much reaction. Improvement of the 
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general health and the use of antitoxic serum (p. 287) may enable the 
tissue-elements to contend successfully against pathogenic organisms 
which have invaded the tissues. 

3. The seat of inoculation and the anatomical arrangement of a part 
are of importance in enabling organisms to obtain a foothold in the 
body in two ways. (1) Certain microbes can only grow in certain tis- 
sues ; they are harmless unless they reach and settle in these tissues. 
(2) The physical characters of a part have much to do in determining 
whether an organism will live in it, and what form of inflammation 
will result from its growth. The bacillus of malignant cedema illus- 
trates both these points. It can grow only in connective tissue ; when 
introduced into the blood, it sooner or later dies, leaving the animal 
protected against the disease ; but if, whilst it is circulating, a bruise is 
produced, the bacilli pass out with the extravasated blood into the 
tissues, commence to grow and thus cause the lesions of the malady. 
Again, inoculation with this organism at the tip of the tail in cattle has 
little effect on account of the density and coldness of the part: the 
intensity of the inflammation increases as the point of inoculation 
approaches the body, and the reaction may also be increased by raising 
the temperature of the more distal parts. Sheep, which have loose 
tissue in their tails, react strongly when inoculated even at the very tip 
of this appendage: the reaction is diminished by cooling the part. 
Cheyne showed that the injection of a certain quantity of a cultivation 
of the Proteus vulgaris into the subcutaneous tissue of the back of a 
rabbit caused an abscess, but the same quantity in the muscles of the 
back produced death ; and, further, an amount of the cultivation, too 
small to have any appreciable effect in the subcutaneous tissue, caused 
an abscess when placed among the muscles. No explanation is as yet 
forthcoming. The limitation of acute infective osteomyelitis to grow- 
ing bones is another example of the influence of structure upon disease. 
A last illustration of this point may be found in the difference between 
the behavior of the peritoneum and of connective tissue to pyogenic 
cocci. Washing out the peritoneum with ordinary unpurified tap-water 
has been practised without any deleterious effects; but the result of 
washing out wounds of soft parts, or of bones, has been, on the other 
hand, extremely unfavorable, acute inflammation often supervening. 
The explanation given is that the peritoneum has great powers of rapid 
absorption, so that even if considerable quantities of putrescible fluids 
be injected together with septic organisms into its cavity, they will be 
completely absorbed, and the organisms destroyed, before putrefaction 
has time to advance to a poisonous extent; but, if still larger quanti- 
ties be injected, putrefaction will occur with great rapidity in the unab- 
sorbed fluid, and death from septic intoxication will result. It is well 
known that a chronically inflamed peritoneum with a good many scat- 
tered adhesions stands injury better than a normal membrane, and no 
proof exists that the lymph-flow from the former is more free than 
from the latter. Possibly there are more available phagocytes in this 
case, 
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4, The number of organisms which gain entry to the body at any one 
time is a matter of great importance. At first sight, it might appear 
that the only difference in the results after the injection of 1 and of 
1,000,000 pathogenic microbes would be the somewhat slower develop- 
ment of the disease in the former case. It was, however, soon found 
experimentally that this was not so, except in cases of animals strongly 
predisposed to suffer from the organism in question; and it was then 
understood that small numbers of organisms would be destroyed by 
the tissues before they could produce their products in any quantity, 
whilst a very large number could not be got rid of with sufficient speed 
to prevent them from producing more or less poison, and thus gaining 
a greater or less advantage over the tissues. Upon this point Cheyne’s - 
own researches enable him to enunciate the following laws. (1) The 
pathogenic dose of a virus varies inversely with the predisposition of 
the animal to the disease in question ; or, in other words, the more 
susceptible an animal is to the disease, the smaller will be the dose of 
organisms required to produce it. (2) In animals not very susceptible 
to a germ-disease, the severity of the disease varies directly, within 
certain limits, with the dose : a small dose produces no effect, the germs 
being rapidly destroyed ; a larger one causes a local inflammation, the 
organisms being hemmed in and destroyed more or less speedily by 
leucocytes ; whilst a very large dose overcomes all local limitations, 
the organisms penetrating into the circulation, producing poisons freely, 
and causing death from septic poisoning. The dose necessary to pro- 
duce any one of the above results cannot be predicted with certainty, 
because predisposition varies greatly even among animals of the same 
species. 

5. The virulence of organisms, that is, their power of self-multipli- 
cation and capacity for producing disease, may usually be increased 
(“exalted”) or diminished (“attenuated”) by suitable external condi- 
tions: thus, attenuation may result from cultivating an organism in 
such a way that long intervals elapse between the successive inocula- 
tions ; or from cultivating it at a temperature at which growth is very 
slow, or upon media containing antisepties in quantity not sufficient to 
inhibit growth. Hvaltation of virulence may be produced by cultiva- 
tion through a series of suitable animals, or by the simultaneous inocu- 
lation of some other bacteria or their products. Thus, attenuated 
diphtheria-bacilli may be rendered virulent by injecting them along 
with some streptococci. In the case of the spirilla of cholera it can be 
affected by procedures described on p. 288. As these procedures can 
effect such important modifications in these organisms, it is evident that 
the body may have to deal with them in states of varying virulence ; 
the weaker the virus the more of it will be required to produce a given 
effect, and vice versd. ‘The absence of inflammation from a wound 
treated carelessly or left to nature may sometimes be due to the attenu- 
ation of any organisms which may have fallen upon it. 

6. Concurrent growth with other bacteria may either increase or 
diminish pathogenic action, and many facts make it probable that the 
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presence of putrefactive bacteria along with pyogenic cocci in a wound 
considerably increases the danger to the patient; for the putrefactive 
organisms, by their irritant products, destroy the granulation-tissue and 
open up a way of entry for the pyogenic germs. A corresponding fact, 
vouched for by Cheyne, is that general tuberculosis is much commoner 
in cases of joint-disease complicated with septic sinuses, than in cases 
which are kept aseptic. The presence of pyogenic cocci does not seem 
to increase the spread of tubercular cavities in the lung, but they cer- 
tainly intensify the action of the B. diphtheriz. Again, it is said that 
an osteomyelitis, due to a mixed infection of the Staphylococcus aureus 
and Staphylococcus albus, is of greater severity and of worse prognosis 
than a case in which only one of these species is present. On the other 
hand, recent experiments have shown that two kinds of microbe grow- 
ing in the body may successfully oppose each other. Thus, if erysipelas- 
cocci be injected, both under the skin and into the blood, and if a large 
dose of anthrax-bacilli be introduced twenty-four hours afterward, so 
that a large number of cocci are present in the general circulation at the 
time of the injection of the anthrax-bacilli, the latter will all die out in 
seventeen to twenty-four hours, without causing even local cedema. 
These two organisms will grow together readily outstde the body, so it 
is not clear how their opposition 7 the body is brought about. 

7. Lastly, it is probable that local and seasonal conditions may act 
upon pathogenic organisins and thus account for such peculiarities of 
disease as endemicity, or greater prevalence at certain times and under 
certain atmospheric conditions. 


Products of Bacteria.—The chemical products which result from 
the growth of bacteria are numerous and diverse. To a considerable 
extent they vary according to the conditions under which an organism 
is situated ; that is to say, upon the quantity and quality of the nutrient 
medium upon which it is living. The same organism may thus produce 
different substances according to alterations in its environment. or 
example, the cholera-vibrio, when grown in weak meat-juice, produces 
peptonizing ferment, but when supplied with a stronger solution forms 
a diastatic ferment. 

Our knowledge of bacterial products is at present very limited, and 
recent researches have tended rather to establish the complexity of such 
substances than to define their exact chemical positions. Any classifi- 
cation of them ean, therefore, be only provisional, and is liable to altera- 
tion with every advance of knowledge in this field. The following 
broad ground of division may be suggested. (1) Bodies formed directly 
by the organisms themselves (primary products), analogous to the secre- 
tions of higher forms of life ; and (2) substances which result from the 
action of the bacteria and their secretions upon the medium in which 
they live (secondary products). In the former group would fall the 
ferments, which play so important a part in the pathological action of 
micro-organisms, and perhaps, in some cases, the pigments with which 
they are colored; in the latter probably should be grouped the albu- 
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moses, peptones, alkaloids, acids, gases, and pigments produced by their 
activity. 

In the great majority of instances the action of bacteria upon organic 
substances is in the direction of breaking up complex chemical bodies 
into simpler derivatives, as is seen in the putrefactive decomposition of 
dead animals and plants—brought about very largely by various species 
of Proteus—and in the fermentation of sugar, which, by various kinds of 
yeast (saccharomycetes), is converted into alcohol and carbon dioxide. 
Some few bacteria, on the other hand, are capable of forming more com- 
plex substances from simple materials. An example of such chemical 
synthesis is seen in the process of nitrification, in which ammonium 
salts are oxidized first to nitrites and then to nitrates by different varieties 
of organisms. Other bacteria found on the roots of leguminous plants 
have the power of forming nitrogenous compounds out of the nitrogen 
of the air. It is noteworthy that the products formed by micro-organ- 
isms in the course of their growth are generally, if allowed to accumulate 
in any quantity, poisonous to the organisms themselves, so that the 
growth of the latter is finally arrested in this way automatically. Thus, 
the yeast-fungus will not continue to grow in saccharine solutions in 
presence of excess of the alcohol to which it has given rise, and other 
organisms similarly cease to multiply in artificial media before the 
nutrient capacities of the latter are actually exhausted. 

The toxic bodies formed by most bacteria can be extracted from the 
media in which the organisms have been grown. Thus, the toxines of 
tetanus and diphtheria and those formed by pyogenic cocci exist in a 
very virulent form in filtered broth-cultures of these bacteria (extra- 
cellular toxines). On the other hand, in the case of the B. typhosus and 
the cholera-vibrio only feebly toxic substances can be extracted from 
such cultivations, whereas the bacteria themselves, if killed and injected 
into animals, are highly poisonous. It has, therefore, been inferred that 
the poisons of these latter organisms are integral parts of their body 
substance (intracellular toxines). It is clear, however, that in order to 
produce toxic effects the poisons must exist outside the bodies of the 
organisms, and that this must be the case with living as well as with 
dead organisms, since it is by the living that diseases are caused. Hence 
the legitimate conclusion appears to be that in ordinary media these 
bacteria produce little poison, but contain a certain amount in reserve 
- within their capsules. When they enter a living host the environment 
is different, and the products of the bacteria differ accordingly. 

The different classes of products must be separately considered. 

(1) Ferments.—By a ferment is meant a substance of which a very 
small quantity is able, under certain conditions, to produce an indefi- 
nite amount of chemical change in some other body. One such con- 
dition appears to be the sufficiently rapid removal of the products of 
its action. In the animal economy the digestive ferments, pepsin and 
trypsin, are perhaps the best-known examples of this class. The action 
of these is very closely imitated by certain substances formed by bac- 
teria. Thus, a ferment produced by the anthrax-bacillus is capable of 
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forming albumoses and peptone in nutrient media, these products being 
very closely analogous to those formed by the gastric or pancreatic 
juice. The following table shows this analogy more clearly. 


TapLe CoMPARING ACTION OF ANTHRAX AND DIPHTHERIA FERMENTS WITH 
THOSE OF PEPSIN AND TRYPSIN. (MARTIN.) 


Primary Agent, or 
Primary Infective | Ferment or Secondary Digestive Products. 
Agent. Infeetive Agent. 


Syntonin. 
Hetero-albumose. 
Living Cell. Pepsin. Albumose | Proto-albumose. 
Deutero-albumose. 
Peptone. 


Globuline-like body. 


Living Cell. Trypsin. ee eee 
A bitter body. 
Hetero-albumose. 
Albumose < Proto-albumose. 
Bacillus Deutero-albumose. 


anthracis. Anthrax-ferment. Peptone. 


Leucin and tyrosin. 
Alkaloid (base). 


: Hetero- 
Bacillus Diphtheria-ferment | Albumose + Proto- in the membrane. 
diphtherie. in membrane. _ _ \ Deutero- in the body. 
Organic acid. 


The liquefaction of gelatine, so characteristic of many micro- 
organisms, is also due to the action of a ferment; since, if a small 
quantity of gelatine thus liquefied is freed from bacteria and added to 
a fresh tube of gelatine, the liquefying process is continued. The 
peptonizing power of pyogenic cocci is likewise due to a special ferment 
secreted by them. 

(2) Albumoses.—It is said that the poison contained in snake-venom 
is an albumose, and similarly some of the poisonous products of patho- 
genic bacteria have been assigned to this class. Such, for example, 
is perhaps the case in diphtheria; but the exact nature of the poison 
of this disease is not certain. Other albumoses, such as those formed 
by the organisms of cholera and anthrax, are not apparently poisonous. 

(3) Alkaloids.—Bodies much resembling the vegetable alkaloids are 
formed in the growth of many kinds of bacteria, and are collectively 
known as ptomaines. Many of them are poisonous, and such are 
probably the toxie agents by which decomposing meat and vegetables 
give rise, when eaten, to symptoms of irritant poisoning ( ptomaine- 
poisoning). The resemblances borne by these bodies to the alkaloids 
derived from plants and used as drugs or poisons causes them to be of 
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considerable medico-legal interest, since care is necessary to distinguish, 
in the dead body, between substances formed in the course of putre- 
faction and poisons administered during life. The poison of the 
cholera-vibrio is probably an alkaloid. 

Other poisonous substances not falling into either of these groups 
are elaborated by micro-organisms but are not at present definitely 
identified. They are collectively known as towines, which term may 
also include the alkaloids and albumoses mentioned above. The prod- 
ucts known as tuberculin and mallein are noticed fully elsewhere 
(pp. 331, 386). 

(4) Actds.—The acid bodies formed by bacteria do not appear to 
be of much pathological importance. Instances are seen in the acetic 
and butyric acids formed in different varieties of fermentation. An 
organic acid formed by the diphtheria-bacillus possesses slight toxic 
properties, and one formed by the tubercle-bacillus is said to be the 
cause of caseation. 

(5) Gases.—Various gases are formed in the growth of different 
organisms, such as hydrogen, carbon dioxide, methan and hydrogen 
sulphide. The property of giving rise to bubbles of gas in a solid 
medium, such as gelatine, is sometimes a useful test of the nature of an 
organism, the Bacillus coli communis, for example, being thus differen- 
tiated from the typhoid-bacillus. 

(6) Pigments.—Many organisms in their growth give rise to different 
forms of pigment. This appears to be situated, in some cases, in the 
capsules of the bacteria. Examples of pigment are seen in the red 
coloration of growths of B. ruber and B. prodigiosus, the violet hue 
of colonies of B. violaceus, and the yellow of Sarcina flava and 
Staphylococcus pyogenes aureus. In most cases pigment is more 
readily produced at room-temperature than at body-heat. Potato is a 
favorite nutrient-medium for the display of colors. Pigments do not 
in themselves appear to be of any pathological importance. The pig- 
ment of B. pyocyaneus, which gives rise to blue pus, has been isolated 
as a body crystallizing in the form of needles, and turning red on 
addition of acids, like other vegetable blues. 

Under the heading of pigments may be noticed the substance indol 
—a chromogen rather than a true pigment—which is of some impor- 
tance in the identification of certain forms of bacteria. It is one of the 
evil-smelling substances which normally occur in fieces, and is pro- 
duced by many different organisms—the cholera-vibrio and the B. coli 
communis being well-known examples. The latter is distinguished 
from the typhoid-bacillus by this property among others. To test for 
indol, a minute trace of potassium nitrite is added to a culture of the 
organism in broth or peptone-water, and then a few drops of pure con-_ 
centrated sulphuric acid are allowed to run down the side of the tube 
into the liquid. If indol is present, a pink coloration is produced. AI] 
specimens of peptone do not, however, afford equally favorable mate- 
rial for the formation of indol. 
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Methods of Investigation.—1. Recognition of Micro-organisms.— 
The large majority of bacteria are so small that special staining is 
necessary in order to display their form and general characters.  Bac- 
teria (like nuclear chromatin) stain readily with basic aniline dyes, but 
often retain the stain under conditions that will decolorize animal tis- 
sues. The dyes most often used are fuchsine, methyl violet, methylene 
blue, and, for photographs especially, Bismarck brown : freshly filtered 
watery solutions are employed, from 0.5 to 5 per cent. Cover- 
glasses and slides should be cleaned with chromic, or with dilute nitric, 
acid and kept in absolute alcohol ; before use they should be heated in 
a spirit-flame whilst held in forceps. The following is the method of 
procedure in the case of fluids. A small drop of the material to be 
examined is taken up in the end of a sterilized platinum loop and 
smeared evenly over one side‘of a clean cover-glass. This is preferable 
to the older method of squeezing the material between two cover- 
glasses and then sliding them apart. The cover-glass is next set aside, 
film-surface obliquely downward, to dry, and then passed three times 
through a Bunsen-flame, at a rate of one foot per second, to precipitate 
and fix any albuminous material to the glass. If a weak staining solu- 
tion is used, the cover-glass must be floated on it, prepared side down- 
ward, for some minutes or hours: if a strong solution (2 to 5 per 
cent.) is employed, a few drops may be poured on to the dried cover- 
glass and left for half a minute. In either case the cover-glass is then 
washed with distilled water from a wash-bottle, dried over a flame, and 
mounted with Canada balsam dissolved in xylol. 

It is sometimes desirable to stain the bacteria one color and the 
rest of the specimen another. This may be done by first of all staining 
the cell-protoplasm with eosin, and afterward the nuclei of the cells 
and the bacteria with methylene blue or some other contrast-stain. If, 
however, some special means be taken to fix the dye in the bacteria, 
as by the use of aniline oil, carbolic acid, alkalies, heat, or prolonged 
staining, it is possible to stain some organisms so that they will retain 
the dye, even when they are acted on by a solution of nitric acid (1 in 
5), which decolorizes everything else, including other kinds of bacteria. 
After the acid has been washed off, the decolorized parts may be stained 
with some contrast-color—e, g., vesuvin or methylene blue. The chief 
pathogenic fungi known to stain in this way are the bacilli of tubercu- 
losis and of leprosy. The bacilli of tuberculosis are now constantly 
sought for in pus, in sputum, and in urine, either for purposes of diag- 
nosis, or to learn the result of treatment. For the examination of 
fluids for this organism the Ziehl-Neelsen stain is generally employed. 
After staining in the warm fluid for some minutes, the films are decol- 
_ orized with a 20 per cent. solution of nitric acid, washed in alcohol, 
then in water, and subsequently counterstained with a solution of 
methylene blue (half a minute) or Bismarck brown (three minutes), 
and finally washed, dried and mounted. 

A method of very general use in the search for bacteria was intro- 
duced by Gram of Copenhagen. Prepared cover-glasses are soaked 


BACTERIA. 279 


for some minutes, and sections for some hours, in Ehrlich’s solution of 
gentian violet,* until they are deeply stained. They are then placed 
on or in a solution of iodine + until they turn brown (i. ¢., two or three 
minutes). The specimens are next decolorized in alcohol, counter- 
stained, if necessary, with eosin or Bismarck brown, dried and finally 
mounted in Canada balsam. Some organisms remain deeply stained, 
but some—such as the gonococcus and Friedlinder’s pneumo-bacillus— 
are decolorized. This method of staining often helps to distinguish 
allied forms of* bacteria. 

When tissues are to be examined, small pieces should be placed, 
as soon as possible after death, in strong methylated spirit or in abso- 
lute alcohol. When thoroughly hardened, sections should be cut in 
paraffin, as they must be very thin. The sections are stained for 
twelve hours or longer in a 1 per cent. freshly filtered watery solu- 
tion of the dye selected, or for a shorter time in a stronger solution 
(warmed). Some workers next transfer the stained section to a 1 
per cent. solution of glacial acetic acid, then to absolute alcohol, and 
finally to whatever clarifying agent is employed (cedar oil, xylol, coal- 
tar naphtha): others omit the acetic acid. Each of these fluids dis- 
solves some of the dye out of the tissue, and the difficulty is to reduce 
’ this effect to a minimum. It is best, therefore, at first to take only 
one section at a time out of the staining fluid. One or two trials will 
show how long the section must be left in each fluid in order that it 
may finally retain a rather pale color. The specimen is then mounted 
in Canada balsam dissolved in xylol. 

If a blue or violet stain has been used, the sections, after washing 
in alcohol, may be dipped in water for a moment, and then placed in 
eosin- or carmine-solution for an hour ; the tissue-elements acquire a 
red tint, whilst the organisms remain blue or violet. The sections 
must now be placed in alcohol. The subsequent stages are the same as 
before. 

To examine tissues for B. tuberculosis or B. lepre, the Ziehl-Neel- 
sen stain{ is the best. Place the sections in the fuchsine solution, and 
leave them in a warm place for at least two hours ; then. transfer them 
to the nitric acid solution and leave them until the color is almost gone ; 
then rinse them in water and put them into methylene blue for an hour. 
Next pass them through absolute alcohol and whatever clearing reagent 
is used, and then mount as before. B. tuberculosis and B. lepre will 
appear as red rods on a blue ground ; all other organisms present will 
be blue. 

With loose sections it is a good plan to use the glass slide as a sec- 
tion-lifter, pushing it obliquely into the xylol or the alcohol, and there 
spreading the section out upon it. Large vessels and plenty of the fluid 
must be used for this purpose. 


* Saturated alcoholic solution of gentian violet, 5 ¢.c. ; aniline water, 100 c.c. 

{ Iodine, 1 grm.; potassium iodide, 2 grm.; water, 300 c.c. 

{Tissolve one gramme of fuchsine in 10 c.c. of alcohol, and add 100 c.c. of a 
watery solution of carbolic acid (1 in 20). 
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With large organisms, or with successful contrast-staining, a magni- 
fying power of 500 diameters and ordinary illumination will be sufficient 
for most clinical purposes ; but for the smaller fungi and for accurate 
observation an oil-immersion lens, and a sub-stage condenser of very 
wide angular aperture, are necessary. 

II. Cultivation of Micro-organisms.— When the presence of organisms 
in a fluid or tissue has been determined, it may be necessary to cultivate 
them, in order either to study their life-conditions or to separate them 
from all other species and other matter. Cultivations may be made in 
fluids or on solids, previously sterilized, in‘ order to ensure the absence 
of any living organisms other than those purposely introduced. 

Heat is invariably employed as the sterilizing agent, as chemical 
germicides cannot be removed, and their continued presence vitiates the 
results. 

Moist heat is the most useful agent. Instruments, boiled for ten 
minutes, are, under ordinary circumstances, efficiently sterilized ; though, 
if spores be present, boiling for an hour is essential. This method is 
especially suitable for steel instruments, as they are injured less by moist 
than by dry heat. Steaming at a temperature of 100° C. practically 
fulfils the same purpose as boiling, though continuous steaming for an 
hour and a half is necessary to destroy spores. Equally good results 
can be obtained by steaming for a quarter of an hour on each of three 
successive days. ‘To shorten the procedure as far as possible, sterili- 
zation is often effected by steaming under pressure, which is increased 
so that the water will not boil until a temperature of 115° C. is reached. 
Steaming under these circumstances will effectually sterilize in a quarter 
of an hour. Many media are, however, damaged by any of the preced- 
ing methods—e. g., blood-serum, which coagulates at 60° C. To ster- 
ilize media without damaging them by heat, it is customary to subject 
them to a temperature of 57° C. or 58° C. for one hour on each of four 
consecutive days. 

Dry heat, although less efficacious than the same degree of moist 
heat, is used for two purposes. (1) Platinum needles and cover-glasses 
may be sterilized by being passed through a Bunsen-flame and heated 
to a dull red. (2) Apparatus, especially when made of glass, can be 
sterilized in a temperature of 160° C. to 180° C. In this way the 
apparatus is kept dry and ready for immediate use. To avoid fracture 
the temperature must be gradually raised and gradually lowered. 

Culture-media may be fluid or solid. Fluid media were the first 
employed. To sterilized broth or other fluid containing some material 
likely to afford nutriment for the organisms under investigation, a small 
quantity of the substance suspected to contain them was added. Under 
suitable conditions the organisms grew, and the fluid became turbid. 
A small quantity of this culture-fluid was then placed in another flask 
containing a similar medium, and so on until the culture was freed from 
all material incapable of growth. If more than one kind of fungus is 
inoculated in the first Instance, it may be impossible by this means to 
ensure a pure cultivation of any of the original organisms. 
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Koch introduced transparent solid cultwre-media. To clear meat- 
broths peptone is added, and the mixture stiffened by the addition of 
sufficient gelatine (5 to 10 per cent.) to render it solid at 65° to 80° F., 
at which temperature most fungi will grow fairly. Agar-agar, obtained 
from dried seaweed, is now used (1 to 2 per cent.) to stiffen fluids 
required to remain solid at temperatures above that of the melting-point 
of gelatine, in order that the life-conditions of organisms at any tem- 
perature possible in the body may be determined. Solidified blood- 
serum, potatoes, milk, and other media are also employed. The 
employment of solid media was a great advance in practical bacteriology, 
as it enabled investigators, by cultivation, to free one speciés from all 
other species and other matter, as well as to observe any distinctive 
characters assumed by organisms growing on special media, and to 
ascertain the conditions and products of growth of bacteria in substances 
resembling as closely as possible the animal tissues in which the bacteria 
are known to thrive. It will be readily understood that for these pur- 
poses a very large number of different media are required. Media in 
a fluid state are still necessary for the inoculation of animals, for the 
separation of the products of bacteria by filtration, and for experiments 
on the germicidal influence of different chemicals. In all cases the 
nutrient-media must be carefully sterilized ; and in inoculating a cul- 
ture-tube great care must be taken to prevent contamination from the 
air or apparatus. 

Transparent solid media are generally employed in one of two ways. 

a. Tube-cultures—Fill the lower third of a test-tube with the 
selected culture-medium ; insert a plug of cotton-wool into the orifice 
of the tube; sterilize according to the method just described, and then 
set the tube aside to cool, either in a vertical or an oblique position, 
according to whether depth or surface is required. This and the fol- 
lowing details are shown in Fig. 149. To make a cultivation on the 
medium thus prepared remove the plug from one of the tubes, then 
with a sterilized platinum wire take some of the suspected material and 
transfer it to the culture-ground, stabbing or smearing this with the 
wire (Fig. 149). Re-insert the plug, and put the tube—the right way 
up—in an incubating chamber under such conditions of temperature as 
may be desired. 

Colonies of organisms will gradually appear (1) on the surface only, 
if oxygen is essential (aérobic) ; (2) in the lower part of the track only, 
if oxygen is fatal (wnaérobic); or (3) on the surface and along the 
track, if the presence of oxygen is a matter of comparative indiffer- 
ence. In some cases the form of the growth is characteristic (Fig. 
151); in others the media are liquefied in some peculiar and, therefore, 
diagnostic manner (Iig. 150). 

2. Plate-cultures—Warm the medium until it is just fluid, and 
inoculate a tube as before, but without inversion ; gently agitate the 
contents, inoculate a second tube from the first, and then a third from 
the second. Pour the contents of each on to separate glass dishes, and 
keep these in glass-covered chambers under the desired conditions. 
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Isolated colonies will gradually develop in different proportions on each 
plate, and, if very numerous, may run together. Different organisms 
will produce colonies differing in appearance. Tubes can be subse- 


Fie. 149. 


Culture tubes. a. Tube prepared for “stab” culture; b. Tube prepared for ‘‘streak’’ or 
“‘smear”’ culture; c. Method of making ‘“‘stab”’ culture. It is now customary not to invert 
the tube. 


quently inoculated from any of these colonies which it is desired 


to isolate. Thus, for each organism we can ascertain the influence 
of different temperatures, media, and gases, as well as separate one 


Fre. 150. 
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therefore only on surface: b. An anaérobic organism—grows therefore only beneath the sur- 
face; c. An organism indifferent to the presence of air—grows therefore on and beneath sur- 
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organism from any others that may have been simultaneously intro- 
duced. 
To examine air, a glass plate covered with gelatine-peptone may be 
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exposed for a given time, and then kept under a moist bell-jar : colonies 
will grow wherever germs have fallen, and any of them can be subse- 
quently cultivated in tubes. Again, a portion of earth or tissue may 


Fig. 151. 
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Tube-cultures, showing peculiarities of growths along the linesof puncture. (After Sternberg.) 
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be broken up in sterilized water, and a little of this may be shaken with 
sterilized peptone-gelatine; the latter is then poured on a plate and 
allowed to set. Most frequently such cultivations are carried on in 
test-tubes, inoculated with a platinum wire heated to redness and 
allowed to cool just before it is dipped into the substance to be examined. 
A puncture with it is then made into gelatine. A very handy method 
of cultivation is the inoculation of slices of recently boiled potato, cut 
with a sterilized knife, and kept under a bell-jar in moist air. 

In all experiments the apparatus must be carefully sterilized, and 
each procedure carried on in as still and pure an atmosphere as possible. 

Classification.— Until recently, the possibility of the variability of 
bacteria was much discussed. It was considered by some observers 
that many bacteria, differing in shape, characters, and pathogenic effects, 
and hence regarded as belonging to different species, were really only 
modifications of a single form. It is, however, generally agreed that 
no kind of bacterium, however nearly it may resemble another, ever 
becomes converted into it; e.g., the smegma-bacillus is never converted 
into the tubercle-bacillus, nor the Bacillus coli into the Bacillus typho- 
sus. Certain characteristics may be for a time modified : the virulence, 
as has been pointed out, is liable to much variability ; and the capacity 
to form spores may depend upon the temporary environment. 

Notwithstanding the general agreement on the individuality of the 
various forms of bacteria, our knowledge is still too limited to enable 
us to classify them with any pretence to accuracy. The simpler forms 
are .spoken of as (1) cocci, (2) bacilli, and (3) spirilla—the classifica- 
tion depending on their roughest morphological characters (p. 255). 
The more complex bacteria, which form the connecting link with the 
higaer forms of fungi, are sometimes classified according to the struct- 
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ure of the filaments, the appearance of the protoplasm, and the exist- 
ence of branching. Thus, Muir and Ritchie classify freely-moving 
septate filaments containing sulphur-granules as members of the Beggi- 
atoa group; similar filaments, fixed at one end and developing from 
the other, as members of the Thiothrix group; and filaments like 
thiothrix, but destitute of sulphur-granules, as members of the Lepto- 
thrix group. In the same way filaments that branch by the lateral 
displacement of a cell undergoing ordinary subdivision are classified as 
members of the Cladothrix group (Fig. 152), and non-septate filaments, 


Fia. 152. Fic. 153. 


Cladothrix dichotoma, showing false branch- Actinomyces hominis, showing true branch- 
ing. X 1000. ing. X 1000. 


undergoing true dichomotous branching, as members of the Strepto- 
thrix group (Fig. 153). 


Infective Diseases. 


Varieties.—The acute specific diseases, to which allusion has so 
often been made, are now regarded as forming only a class in the much 
larger group of Infective Diseases, An infective disease may be defined 
as a disease due to the action of a poison or virus which has the power 
of invading and multiplying in or on living tissues. Infective diseases 
may be local or general, just as the effects of organisms may be local 
or general (p. 269). 

There is at present no satisfactory classification of infective diseases. 
They are generally grouped according to the acuteness of their course, 
the nature and distribution of their lesions, and such prominent clinical 
characters as they may possess. The seat of the micro-organisms has 
been suggested as a basis for classification. Three groups might in this 
way be made—(1) those due to organisms which do not penetrate 
beneath the surface, but discharge their products into the blood; 
(2) organisms which thrive in the tissues and produce local effects ; 
and (3) organisms which enter the circulation and thrive in the blood. 
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In the majority of cases, however, it is still impossible to say in which 
of these groups a given instance should be placed. 

Etiology.—There is, on the strength of the analogy which exists 
between fermentation and infective diseases (p. 244), a primd facie case 
in favor of the germ-theory as applied to the infective diseases. More- 
over, it will be found upon examination of the evidence yielded by 
actual observation of these diseases, and by experiments upon animals, 
that the demonstration of the causal relationship of organisms to them 
is in some cases as complete as it is in the case of fermentation, 
although in the great majority the proof is still more or less doubtful. 

To prove that a micro-organism is the cause of a disease, it is 
necessary : 

1. That the organism in question, as recognized by its form, mode 
of growth, or products, be found constantly associated with the disease, 
at least in its earlier stages ; and in sufficient numbers to account for the 
symptoms. 

2. That “pure” cultivations of this organism through several gen- 
erations be made, until it may reasonably be supposed that everything, 
which could possibly have been taken from the animal that yielded the 
virus, has disappeared. 

3. That other susceptible animals be inoculated with the cultivated 
organism, and that the disease be thus reproduced. 

4. That the same organism be found in the tissues of the successfully 
inoculated animals, in such numbers and with such a distribution as to 
account for the disease. 

Sidney Martin has suggested that the chemical products of the organ- 
ism, obtained from the tissues of the animal or person dead of the disease, 
must correspond with those obtained from cultures of the organism in 
media resembling as nearly as possible in chemical composition those 
tissues in which the organisms are found in disease. 

The demonstration of a well-characterized organism in constant asso- 
ciation with a disease is now by many taken as almost equivalent to 
proof that it is the cause of the morbid process, for it is in most cases 
impossible to experiment on man, and frequently no animal can be found 
which suffers from the disease under investigation. In such cases the 
proof cannot be carried beyond the first stage. 


Immunity.—Some specific diseases tend to recur again and again in 
the same individual. Of these, diphtheria and pneumonia are prominent 
examples. Other diseases seem to show a precisely opposite tendency, 
To have suffered once from one of them is to have secured almost cer- 
tain freedom from a second inyasion. Freedom thus ensured is known 
as acquired immunity. Persons, for example, who have had smallpox 
are said to be immune against a second attack. The same is practically 
true of typhoid fever, measles, and other specific diseases. It is by no 
means certain how long such immunity lasts, and in man there are no 
means of definitely ascertaining its duration. Indeed, there is good 
reaso.u for believing that pneumonia is as certainly followed by a period 
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of immunity as is smallpox, but that the immunity lasts a much shorter 
time in the former disease than it does in the latter. Again, certain 
diseases which are common in some species of animals are practically 
unknown in others very closely allied to them. Thus, tuberculosis is 
common in pigs and cows, but excessively rare in sheep, goats, horses, 
and asses. Mice fall a ready prey to anthrax, while rats escape un- 
harmed. Accordingly, pigs and cows are said to be susceptible to 
tuberculosis ; while sheep, goats, horses, and asses are, on the contrary, 
said to be immune against it. The exact conditions on which this sus- 
ceptibility or immunity depend are unknown. To distinguish it from 
the acquired form, it is known as natural or inherited immumty. When 
an animal is only slightly susceptible, it is often termed refractory. 
Natural immunity is rarely if ever absolute. In comparative pathology 
immunity seems to depend more upon the bactericidal properties of the 
serum than upon phagocytosis. Neither hypothesis, however, affords a 
sufficient explanation of all known facts. 

In human pathology there are also many examples of these peculi- 
arities. Negroes are immune against yellow fever; white races are 
susceptible. A nurse in a fever hospital may never have had scarlet 
fever, and yet may continue to resist all,exposure to the infection. It 
may be that inherited immunity is due to the handing down to off- 
spring of that acquired by ancestors. Thus races, among which cer- 
tain acute fevers (like measles) are common, suffer much less severely 
than those among whom the disease appears only at very long inter- 
vals. The complete immunity of the negro to yellow fever is gener- 
ally accounted for by supposing that those who could resist the disease 
best would, by living longest and having most children, be most likely 
to hand on their peculiarities to the succeeding generation : and further, 
that the degree of immunity thus gained would be strengthened by the 
intermarriage of those already partly i immune. But this explanation 
offers no adequate reason for the peculiar sporadic immunity enjoyed by 
some individuals, as in the case of the fever-nurse just cited. Occa- 
sionally, this sort of immunity is more apparent than real. Two medi- 
cal students paid almost daily visits to scarlet fever wards for several 
months, and failed to contract the disease ; but late one afternoon, on 
entering the wards much exhausted by severe exercise and a fast of five 
hours, both took the disease in a severe form, and one died. 

Artificially-acquired Immunity.—Three forms of preventive inocula- 
tion have been employed to secure immunity from disease, or to arrest 
the development of contagia that have already reached the tissues. 

1. Inoculation with the attenuated virus of the original disease. 

2. Inoculation with the dead bodies or the oheeneal products of the 
organisms of the original disease. 

3. Inoculation ith serum obtained from an animal that has been 
treated by one of the two preceding methods. 

The first two of these comprise what is known as active or direct 
immunity : the third, passive or indirect immunity. 

1. It has been well known since the sixth century that the artificial 


BACTERIA. 287 


inoculation of smallpox produces, on the one hand, a mild form ae the 
disease, and, on the other, confers upon its subject immunity against a 
second attack. In one country after another it has for a time been the 
custom to practise inoculation to ensure this result. It has also long 
been recognized that epidemics vary in severity, and that mild attacks 
and severe attacks are equally efficacious in securing immunity. 

Pasteur was the first to place preventive inoculation on a scientific 
basis. _He demonstrated that the virulence of some contagia can be 
varied by experimental procedures. In the case of chicken-cholera, he 
showed that by exposing cultures of the bacillus to the air for long 
periods its virulence became so reduced that inoculation of the weakened 
or attenuated organisms gave rise to a comparatively mild disorder, which, 
however, sufficed to secure immunity against subsequent attacks. 
Other observers: have since shown that the virulence of many other 
organisms can also be modified (p. 275), and that the organisms can be 
kept in their attenuated condition through several cultivations, though 
there seems to be a general tendency for them to return to their previous 
degree of virulence. The attenuation is generally effected by one of 
two methods. 

(1) A series of animals is experimentally selected, generally on 
account of their slight susceptibility to the disease in question. Sue- 
cessive inoculations are then made from one to another, until it is found 
that the desired degree of attenuation has been reached. (2) Cultures 
of ordinary virulence are exposed to the air, or to an increased temper- 
ature only slightly below the fatal limit, or to the action of small doses 
of various antiseptics. Pasteur’s treatment of persons bitten by rabid 
animals is the best known illustration of this method, though no 
hydrophobia-organism has yet been discovered. By a series of successive 
inoculations, a special virus is prepared which is known to haye—when 
injected into rabbits—a constant incubation period of six days. Rabbits 
are inoculated with this virus, and their spinal cords are subsequently 
dried very gradually in the presence of caustic potash. The longer the 
drying is continued, the weaker the virus becomes. If an emulsion of 
a cord, that has been dried for six days, be made, and inoculated upon 
rabbits, it entirely fails to produce the disease. Pasteur’s method is to 
give ten injections, extending over four days, according to the following 
table : 


First injection, 1st day, emulsion of cord dried ten days. 


Second ‘ Ist ge i nine “ 
Third a 1st aa rt a ME eight ‘ 
Fourth ‘ 2d * cs om: ee seven ‘‘ 
Fifth “cc 9d ce ce (a3 ce six 
Sixth (a3 od “ a3 “ (a3 five 
Seventh ‘ Bio oY ae ee oe four 

° a3 8d ce a3 cs “é I ope 5 
Highth os) three “ 
Ninth vi oC eae we He co TWO ees 
Tenth ae Atha ee ze 3 one day. 


After three days a few more injections are given daily, and the 
process is complete. Statistics are strongly in favor of the efficacy of 
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the method. There is generally plenty of time to carry it out, as the 
incubation-period of hydrophobia in man is never less than twelve days 
and usually about six weeks. 

This method of securing immunity is not applicable to the vast 
majority of specific diseases. On the one hand, certain organisms, 
such as the tubercle-bacillus, have hitherto defied all efforts made to 
attenuate them, and, on the other hand, there is some risk, even after 
attenuation of the organisms, that the inoculated disease may be 
produced in a virulent form. 

2. To avoid this latter danger the chemical products have been 
freed from the living organisms and injected alone, or the organisms 
have been killed and then injected. The organisms can be removed by 
filtering fluid cultures through porcelain ; or they may be killed by 
the action of heat, or of some volatile antiseptic, such as oil of mustard, 
which can be subsequently removed. Sometimes the full degree of 
immunity attainable is reached after two or three injections, but in 
other diseases and other animals the injections have to -be repeated 
every two or three days for several weeks or even months. Immunity 
thus conferred is not always very certain, nor of long duration ; and 
the method is not attended with favorable results in those cases in which 
exposure to infection precedes its application. 

Haffkine’s vaccination against cholera illustrates both this and the 
preceding method. He employs two vaccines. One is made from an 
attenuated virus, the other from an exalted virus. The attenuated 
virus is prepared by cultivating the cholera-spirilla in aérated media at 
a temperature of 39° C. (102.2° F.). The exalted virus is prepared 
in the following manner: A pure culture of the organism is introduced 
into the peritoneal cavity of a guinea-pig. Death follows in twenty- 
four hours. The peritoneal fluid is immediately removed and another 
guinea-pig similarly inoculated. This process is continued through a 
series of animals until the interval between inoculation and death falls 
to its lowest limit. Persons to be protected are vaccinated two or three 
times. On the first two occasions the attenuated virus is used; on the 
last, three to five days afterward, the exalted virus. The vaccination 
is supposed to produce a sufficient tolerance to the cholera-poison to 
enable the body to “react” more vigorously when attacked in the 
ordinary way. Sometimes the living cultures are used, but more often 
the vaccine is sterilized by the addition of carbolic acid. Prepared 
thus the fluid can be more easily preserved, and can be introduced with 
less risk ; but, as in other cases, the results are neither so certain nor 
so prolonged. 

3. These results led Behring in 1890 to examine the serum of 
animals thus immunized, and since that time many observers have 
followed in his footsteps. In the case of tetanus, the serum of im- 
munized rabbits was used, and three very remarkable results were 
established. It was found that : 

(1) Repeated injections of this serum will render mice, which are 
particularly susceptible to the disease, absolutely immune. 
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The addition of the serum to living or to sterilized cultures of 
the eilins will completely destroy the pathogenic power of each. 

(3) The injection of the serum into animals already suffering from 
tetanus will not infrequently lead to absolute recovery. 

F urthermore, it was found that, while the ordinary serum of a 
naturally immune animal possessed none of these properties, they could 
be developed by a series of similar inoculations. 

This method, when applied to the treatment of disease already con- 
tracted, is known as serwm-therupeutics, or treatment by anti-toain. It 
is employed in tetanus and in diphtheria. The different stages com- 
prising the whole process vary somewhat. In the case of diphtheria, 
the procedure adopted is, according to one method, as follows : 

(1) A pure culture of the Bacillus diphtheric (Leefiler) is made in 
some medium giving a toxine of the greatest virulence. 

(2) The organisms are removed by filtration through porcelain. 

(3) The toxine thus obtained is injected into the subcutaneous tissue 
of a horse in small quantities, two or three times a week, until no reac- 
tion follows. Later injections are made into the jugular vein. This 
period extends over from one to three months. 

(4) Some of the blood is then withdrawn, and the serum is sepa- 
rated, sterilized, and stored for subsequent use. 

(5) When required for the treatment of diphtheria, a dose is in- 
jected under the skin. Additional doses may be necessary. Improve- 
ment follows in the course of twenty-four hours. 

The strength of the antitoxic serum is estimated by its capacity 
for neutralizing the toxines, so that if the two are mixed and injected 
together no injurious effect of any kind will result. The “ immunity 
unit” is generally taken, except in Roux’s method, as ten times the 
amount required to neutralize the minimum fatal dose for a guinea-pig 
weighing 250 grms. In human diphtheria a dose of 1500 to 4000 
units is employed. The active principle contained in the serum is 
unknown. 

Attempts have been made to deal with tubercular disease in the 
same manner. The tubercle-bacillus has, however, successfully resisted 
all attempts made to attenuate it; and to inject the organism in its 
ordinary degree of virulence is simply to inoculate the disease from 
which immunity or relief is sought. An advance was made by Koch, 
who prepared a sterilized extract of its products, which was known as 
“ tuberculin.” This, when injected, produces an inflammatory reaction 
around the Fepased foci, and may give rise to fresh tuberculous 
nodules. At the present time, experiments are being made to discover 
an antitoxin analogous to that just described in connection with 
diphtheria. 

Antistreptococcic serum and many other forms known as anti- 
microbie sera are obtained by i immunizing animals by the injection of 
attenuated, and later on of virulent, cultures. The serum obtained 
from these animals is used for therapeutic purposes. 

Thevries of Immunity—Much controversy has taken place during 
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the last few years concerning the real nature of the immunity which 
has been discussed in the preceding pages. 

It is well known that immunity against some chemical substances 
can be obtained by certain persons. Opium-eating and arsenic-eating 
are illustrations of this. Furthermore, it has been shown that if 
minute but gradually increasing doses of ricin—the active principle 
of the castor-oil bean—be given by the mouth to guinea-pigs, they can 
be rendered so far immune against the action of the poison, when 
injected subcutaneously, that they will survive a dose four hundred 
times that ordinarily sufficient to produce death. In other words, the 
tissues of the higher animals possess a certain power of adapting them- 
selves to a new environment if only a sufficient time be allowed. 
But as soon as we attempt a detailed explanation of these results, as 
well as of those previously mentioned, we find that they appear in 
many cases to be absolutely contradictory. The serum of some immune 
animals is fatal to cultures of the virus in question ; in other cases it is 
not. Again, while the serum may be fatal to cultures, the blood itself 
may have little or no resisting power against the organisms when 
introduced into the body. Possibly the term “ immunity” covers 
several dissimilar and complex processes. 

It seems practically certain that the changes in the blood-serum 
account for most, if not all, the instances of acquired immunity. 

It is well known that ordinary healthy blood-serum is found 
experimentally to be in many cases a distinct germicide. If anthrax- 
organisms be suspended in it most of them will die. Evidence has 
been adduced to show that this germicidal action is due, at any rate in 
part, to the action of a nuclein. It was found that digestion of the 
serum did not remove this influence, but that a temperature of 55° C. 

131° F.) did. It was accordingly assumed that, while the action was 

clearly not due to albumin, it was still most likely due to some form 
of proteid. The proteids were therefore precipitated with alcohol 
and ether, and the precipitate digested with pepsin and hydrochloric 
acid. The undigested residue was then washed and sterilized. The 
compound thus obtained gave the reactions of a nuclein, and was found 
to possess a germicidal power over the cholera-spirillum, se nese bacillus 
and Staphylococcus pyogenes aureus. The reasons for attributing 
much of this power to the action and disintegration of leucocytes have 
been already given (p. 172). 


Pathogenic Bacteria. 


A more detailed reference will now be made to those bacteria which, 
on more or less satisfactory evidence, are believed to be the exciting 
causes of certain infective diseases. For want of a better classification 
we shall divide them into three groups—inierococci, bacilli, and spirilla. 


I. Micrococci.—These are round or oval cells, g generally 0.5 ys to 
2 win diameter. They are arranged (1) singly, (2) in pairs (diplococei), 
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(3) in chains (streptococe?) of four cocci to three hundred, which may 
be straight or wavy, (4) in groups like bunches of grapes (staphylococci), 
or (5) in colonies and zodgleea-masses. The organisms belonging to 
this order differ among themselves in form, size, mode of grouping, 
and physiological action. 

The absence of distinctive form makes it very difficult to ascertain 
whether a culture is “ pure,” and whether a coccus under observation 
is the cause of any given disease. Of all forms of fungus, cocci are 
the most frequently associated with disease. 

1. Fermentation of Urine-—The Micrococcus wrece causes ammoniacal 
fermentation of urine, by forming ammonium carbonate out of urea 
and water. It is generally deposited from the air. Urine obtained 
pure, and exposed only to pure air, will keep acid for years. The 
transformation of urea into ammonium carbonate is due to the action 
of a so-called intracellular ferment in this micrococcus (p. 275). The 
nature of the ferment is shown by the facts (1) that if the cocci be 
removed by filtration the change ceases, and (2) that a body capable of 
producing the change can be extracted from the cocci by the action of 
alcohol. If cocci be accidentally introduced by means of instruments 
the change may occur in urine contained in the living bladder, and may 
extend up to the pelvis of the kidneys with the most fatal results (see 
Suppurative Nephritis). The M. urez is rather large (2 y), and occurs 
singly or in chains. 

2. Suppuration, or pyosis, whether in the form of acute abscess 
(p. 163), osteomyelitis, or metastatic pyemia, is usually due to the 


Fig. 154. Fia. 155. 


Staphylococcus pyogenes aureus. From a Streptococcus pyogenes. From pus found in 
culture. X 1000. a pyemic abscess. X 1000. 


presence of cocci. Many varieties of cocci possess the power of pro- 
ducing pus. By far the most common of these are the Staphylococcus 
pyogenes aureus (Fig. 154), the Staphylococcus pyogenes albus, and the 
Streptococcus pyogenes (Fig. 155). They all grow readily at the tem- 
perature of the body. The Staphylococeus pyogenes aureus and the 
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Staphylococcus pyogenes albus differ from one another in only one im- 
portant particular ; namely, that the former, when cultivated on gela- 
tine, agar-agar, or potato, in the presence of oxygen, produces a pale 
orange pigment, while the latter does not (Fig. 156). They resemble 
one another in forming clusters, in liquefying gelatine, and in being 
able to exist for weeks in the dry state. Moreover, when introduced 
into the tissues under favorable circumstances they both form a pep- 
tonizing ferment: albumoses and peptones can always be obtained from 
pus. The Streptococcus pyogenes consists of cocci rather larger than 
the preceding, and grows in chains. It does not liquefy gelatine, and 
does not form pigment (Fig. 157). When introduced into the tissues 
its effects vary with its virulence. Sometimes it produces erysipelas, 
sometimes abscess, sometimes septiceemia. The staphylococcus is prin- 
cipally found in circumscribed abscesses, while the streptococcus is 
especially associated with spreading and diffuse suppuration. 

All these organisms exist in considerable numbers on the skin, 
especially where they can “obtain cover.” They reach wounds by 
growing under the dressings, and not, as a rule, by falling from the 
air. Minute quantities of boric acid (1 : 300, applied to cultures) and 
other antiseptics suffice to stop their growth. Observers are by no 
means agreed as to the length of time which a 1 : 1000 solution of 
mercuric chloride takes to kill them, the times given varying from 
eight seconds to thirty minutes. Possibly these divergent results 
depend on the different virulence of the specimens tested, and may be 
said to be consistent with the results. obtained by inoculation. 

In the case of these organisms the chain of proof demanded (p. 285) 
is almost complete. Ogston inoculated eggs with cocci from an acute 
abscess. By a series of cultivations he obtained the cocci “ pure,” and 
with these he successfully moculated animals. Although abscesses 
were the usual results, well-marked septicemia occurred in some 
cases. Cocci were then found in the blood, though never in very large 
numbers. 

Further proof that these organisms can cause suppuration has been 
given. Similar operations were performed with antiseptic precautions 
on both eyes of each of a series of rabbits, and one eye in each animal 
was inoculated with pyogenic cocci, chiefly the Staphylococcus pyogenes 
aureus: all the aseptic eyes healed without suppuration, while all 
those infected suppurated and were destroyed, except some in which 
the operation was quite superficial (Knapp). Upon man numerous 
experiments have been made: cultivations of staphylococci have been 
moculated upon the cutis and have led to the formation of small 
abscesses. Similar cultivations have been rubbed into the normal skin 
of the arm and have induced the formation of numerous impetiginous 
pustules. Boils and, in one case, a large carbuncle have been produced 
in a similar manner. Lastly, the subcutaneous injection of these 
organisms has resulted in the formation of abscesses (p. 271). 

Under ordinary circumstances pyogenic cocci can enter the skin 
by the orifices of ducts or through small abrasions. Jmpetigo results, 
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if they gain entrance to the ducts and multiply there without pene- 
trating the true skin. If the cocci reach the depths of a hair-follicle 
or sweat-gland their action is more violent, and they produce a slough 


Fig. 156. Fig. 157. 


Staphylococcus pyogenes aureus. Streak-cul- Streptococcus pyogenes. Streak-culture on 
ture on nutrient agar-agar. nutrient gelatine. 


—u«, boil results. When the cocci actually penetrate the cutis vera they 
cause an abscess of the skin. 

In metastatic pyemia the proof is not quite so complete. Large 
numbers of micrococci are found in the secondary foci. It has, more- 
over, been shown that the unhealthiness of a wound is in proportion 
‘to the number of zodgloea-masses on its surface, and the severity of the 
disease to the number of cocci in the blood ; whilst the cocci have been 
traced from the wound into connective-tissue spaces and even into a vein. 
They are present in all clots undergoing infective softening. On the 
other hand, large numbers of cocci have been found in the blood of 
healthy persons. 

Concerning the special organism present, it may be noted that 
Rosenbach examined six cases of metastatic pyzemia and found the 
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Streptococcus pyogenes in five, in two of which it was accompanied by 
a smaller number of Staphylococcus pyogenes aureus. In one case—the 
only one which recovered—the latter coccus occurred alone. 

In acute suppurative periostitis and osteomyelitis, Rosenbach demon- 
strated that the Staphylococcus p. aureus was present in the great 
majority of cases; and he was further able to support Loeffler in his 
statement that the same organism, when injected into the veins of 
animals whose bones had been bruised or fractured, caused acute osteo- 
myelitis—and this whether the source of the organism employed was 
a case of osteomyelitis or a boil. 

Spreading traumatic gangrene is often due to the Streptococcus 
pyogenes. Ogston found that injections of staphylococci might cause 
similar gangrene of the skin in animals. Koch induced a spreading 
gangrene in rabbits by injections of a little putrid blood, and in his 
cases only streptococci developed. 

Lastly, these cocci may give rise to inflammation stopping short of 
suppuration, the streptococcus being associated with the more diffuse 
varieties. Cocci are frequently associated with inflammations about 
the fauces, even without the presence of pus. The evidence we have 
of the infective nature of papillary and ulcerative endocarditis is given 
in Chapter XI. 

In the large majority of cases in which pyogenic cocci are intro- 
duced into the tissues only local results follow. In the presence of 
conditions favorable to the growth of the organisms they tend to 
spread. With especial ease they are carried to the lymphatic glands. 
There they become arrested and give rise to glandular abscesses. 
Thence, once more, their progeny and their products are distributed 
to more distant parts—it may be throughout the body (p. 269). 

Erysipelas—RMicrococci have often been descried in erysipelatous 
skin, especially at the spreading edge. They occupy the lymphatic 
channels and spread along them: hence the name infective capillary 
lymphangitis. Orth produced typical erysipelas in a rabbit by subeu- 
taneous injection of the fluid from an erysipelatous bulla ; with cedema- 
fluid from this animal he successfully inoculated a second: the fluid 
and affected skin contained cocci in large numbers. He next culti- 
vated the fungus, and produced erysipelas by injecting it. In 1881 
Fehleisen found streptococci constantly present in pieces of skin ex- 
cised from the spreading edge of an erysipelas-rash. The cocci filled 
the lymphatics of the superficial part of the corium, like an injection- 
mass, and occasionally extended to the subcutaneous fatty tissue, but 
were never found in the bloodvessels. Round-celled infiltration and 
dilated bloodvessels marked their presence; and in parts where the 
inflammatory zone had disappeared, the cocci had vanished also. The 
organisms were cultivated upon gelatine through fourteen generations 
in two months: eight out of nine rabbits, subsequently inoculated, 
suffered from the disease ; and six out of seven inoculations upon man 
were equally successful. The incubation was fifteen to sixty hours ; 
then followed rigors, fever, and typical rash. The evidence assigning 
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a causal relationship to the streptococcus is therefore complete. 
Immunity, if conferred at all, did not last two months. Three per 
cent. solution of carbolic acid, or one per thousand of mercuric chloride, 
sufficed to destroy the vitality of the fungus. 

Fehleisen stated that the Streptococcus erysipelatis presented distinct, 
though slight differences from the Streptococcus pyogenes, that it never 
caused suppuration, and that if an abscess occurred with erysipelas it 
was due to a mixed infection. The majority of recent writers upon 
the question have failed to detect either morphological or physiological 
differences, and are therefore of opinion that the two organisms are 
identical, and that the point of inoculation, attenuation of the virus, 
and similar conditions, must determine whether erysipelas or diffuse 
subcutaneous suppuration shall occur in any given case. The clinical 
differences between the two diseases would seem to warrant hesitation 


Fig. 158. 


Gonococci from urethral pus. The cocci are im the pus-cells. There are two tetrads and two 
single cocci, the rest are diplococci. The three cells shown are all of the multinucleated 
variety. >< 1000. 


in accepting this view until it has been proved that the Streptococcus 
 erysipelatis, taken from a case of undoubted erysipelas, can cause diffuse 
suppuration, and, on the other hand, that the Streptococcus pyogenes 
from an acute abscess can give rise to erysipelas. No case of ery- 
sipelas, from inoculation of a wound with pus containing streptococci, 
seems to have been recorded. 

Gonorrhea.—Neisser, in 1878, discovered in the urethral pus a 
large micrococeus (gonococcus, Fig. 158), peculiar to this disease. He 
recognized it by “ facets” or flattenings on the surfaces in contact, such 
as are now known to occur in other rapidly multiplying cocci. It is 
distinguished from ordinary cocci by its smaller size ; by the constant 
interval, about equal to the diameter of the coccus, between the indi- 
viduals in the groups; and by the frequency of its occurrence upon 
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and in the pus-cells. Neisser considered its presence a means of diag- 
nosing gonorrheeal from other discharges. It was subsequently shown 
that the separation of the cocci is due to swelling of their capsules. 
It multiplies by fission in two planes alternately. In the first stage 
it is a diplococcus, each coccus having a bean-shaped outline. In the 
next stage each “bean” subdivides, and a tetracoccus is formed. The 
number of cells affected is always relatively small, and varies in different 
cases. The coccus is cultivated with much difficulty. Cultures were 
first carried out successfully by Bockhardt. This investigator injected 
a “fourth” cultivation into the urethra of a general paralytic, and pro- 
duced a purulent discharge. The man died of pneumonia ten days 
later, and an examination of the urethra led Bockhardt to believe that 
the cocci probably pass through the epithelium into the lymphatics of 
the fossa navicularis, where they excite acute inflammation. They 
enter into white corpuscles, and either pass with them into blood- 
vessels, where they die, or come away in the pus. 

Since then Bumm has succeeded in cultivating the gonococcus upon 
solidified blood-serum ; he inoculated a second and a twentieth culture 
upon a female urethra, causing typical gonorrhcea in each of the two 
cases. The proof of causation, thus placed beyond doubt, was difficult 
to obtain, as no animal is susceptible to the disease. 

With regard to complications—suppurative lymphadenitis (bubo), 
an occasional occurrence in gonorrhcea, is said to be due to an infection 
of the glands by ordinary pyogenic organisms, the urethra in these 
cases being the seat of a mixed infection. The gonococcus, injected 
into subcutaneous tissue, does not cause suppuration, but disappears 
in twenty-four to thirty-six hours. It is, however, the only organism 
present in one-fifth of the cases of suppuration in the Fallopian tube 
( pyosalpina). 

The gonococcus may be present in joints, which are the seats of 
gonorrheeal arthritis : in some cases ordinary pyogenic organisms have 
been found, but in most cases none at all. It is quite unusual for 
gonorrheeal joints to suppurate. Gonococei have been found on the 
valves of the heart in endocarditis, and have been cultivated. Inocu- 
lation of the resulting cultures has produced gonorrhea. The organisms 
have also been found in, and cultivated from, the blood. 

The gonococcus is incapable of multiplying external to the body, 
except under special artificial conditions, as in a culture. Its resisting 
power is feeble and it soon perishes. If this were not so, considering 
the great frequency of the disease, infection otherwise than by contact 
would almost certainly occur. 

Pneumonia (see Chapter XI.).—The production of acute pneumonia 
has been attributed to two distinct organisms. (1) The first, known as 
Friedlinder’s pneumo-bacillus, was first described by its discoverer as a 
coecus. He found great numbers of these organisms in the early stages 
of pneumonia, not only in the exudation, but also in the lymphatics of 
the lung and in the fluid of any pleurisy or pericarditis which was pres- 
ent. These bacteria are oval or rod-shaped ; they are contained in oval 
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or elliptical capsules with rounded ends. Two, four, or more organisms 
may be found in these capsules. The capsule is dissolved by alkalies 
and by water ; is contracted by acetic acid (like mucin); is present only 
in the lung; is scarcely or not at all developed in cultures ; and is best 
stained in cover-glass preparations by immersion for two or three minutes 
in a solution of gentian-violet in aniline water, followed by treatment 
with alcohol for half a minute. The pneumo-bacillus does not retain the 
stain when treated by Gram’s method. 

Friedlinder subsequently cultivated the coccus in blood-serum, gela- 
tinized meat-infusion, and on potato. Introduced by needle-puncture 
into the two former substrata, the growth takes the very characteristic form 
of « round-headed nail; on the latter ground it forms grayish drops, 
and subsequently a moist viscid layer. Diffused in distilled water and 
injected into the lung and pleura of rabbits, the organisms produced no 
effects ; but of thirty-two mice inoculated, all died in less than twenty- 
four hours. The lungs were very red and almost universally solid, and 
the spleen was enlarged ; both organs contained the characteristic bac- 
teria, which were also present in considerable numbers in the blood, 
and in enormous numbers in some fluid which occupies the pleura. 
Guinea-pigs were more refractory to the poison, and, out of five dogs, 
only one suffered. 

The pathogenic importance of these organisms is small, as they are 
only found in 5 per cent. of the cases of acute pneumonia. 

(2) Frankel and Weichselbaum independently demonstrated the 
existence of another organism—Frdnkel’s pneumococcus or the Diplo- 
coccus pneumonic, which can be found in nearly all eases of pneumonia 
especially acute croupous pneumonia. In cultures these organisms occur 
as round or oval cells, usually in pairs, but often in chains of four to 
ten or even twenty to thirty. These longer chains are much straighter 
than those of ordinary streptococci. In the tissues, the microbes often 
become lancet-shaped, and their pointed ends may be toward or away 
from each other, usually the latter. These cocci have capsules just like 
Friedlinder’s, and they may be similarly stained. They retain the ani- 
line stain when treated by Gram’s method. Whereas Friedlinder’s bacil- 
lus can be readily cultivated on gelatine at 70° F., Friinkel’s is best 
grown on blood-serum or blood-agar at a temperature of 95° F. to 
98.5° F.; and the growth is scanty and not nail-shaped, but of charac- 
teristic “dew-drop” form. When the organism is grown on gelatine this 
medium is not liquefied. In many of its characters it thus resembles 
the Streptococcus pyogenes. The substratum must be kept slightly 
alkaline or growth ceases. Even when transferred daily from tube to 
tube the diplococcus rapidly loses its virulence. To preserve or to 
restore its pathogenic power, an occasional inoculation upon a susceptible 
animal must be resorted to. Cultivation for one or two days at 107° 
F. destroys its virulence, which is weakened by longer cultivation at 
slightly lower temperatures. 

Subcutaneous injections of virus of full intensity into rabbits, mice, 
and guinea-pigs cause an acute, generally fatal, illness, like septicemia, 
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with characteristic post-mortem appearances ; but there is no sign of 
pneumonia. An attenwated culture introduced beneath the skin does 
sometimes give rise to pleurisy or pneumonia, or both ; and these dis- 
eases usually follow injection of such a culture into the lungs. In such 
cases the appearances closely resemble those in pneumonia and pleurisy 


Fig. 159. 


Diplococci pneumonie entangled in the meshes of the fibrinous exudation. From a section of 
lung in the “red hepatization” stage of acute pneumonia. In the upper part of the field is 
a cell containing several cocci—possibly a phagocyte. > 1000. 


in man, and the exudation contains large numbers of encapsuled cocci. 
Pericarditis also may ensue. These results show that the effects vary 
with the virulence of the parasite according to the usual rule (p. 273). 
This conclusion may be illustrated by the reaction of different species 
of animals. In those least immune septicemia is usual ; in those more 
immune a local reaction, such as acute pneumonia. When the virulence 
of the organism is very low, only broncho-pneumonia may follow. 

The inoculation either of filtered cultures of the organism, or of the 
serum of animals vaccinated with them, is, in each case, said to confer 
a temporary immunity. Issaeff asserts that the cocci thrive in cultures 
treated with the “immunized serum ”—a result altogether contrary to 
that obtained under similar conditions in tetanus (p. 288). Sputum 
before the “crisis” is virulent ; but sputum after the “ crisis” is said to 
confer immunity. 

Besides being present in the lung, the cocci are occasionally found 
in the blood and spleen, and in inflammations arising during the course 
of pneumonia, or even independently—pleurisy, empyema, meningitis, 
endocarditis, peritonitis, and otitis media. Moreover, it appears to be an 
occasional denizen of the mouth and nasal cavities, also occurring in the 
saliva and in the middle ear of healthy people. This suggests that it 
is only an accidental parasite in pneumonia. Against this view the fol- 
lowing points seem to tell: its inconstaney in the mouth ; its constant 
occurrence in pneumonic lung, sometimes as the sole demonstrable organ- 
ism; and its distribution, not uniform in the inflamed area, but chiefly 
at the spreading edge and in the surrounding cedema. Pneumonia does 
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not follow inoculation unless the parasite is localized in the lung. Sal- 
violi says that he succeeded in inducing lobar pneumonia in guinea-pigs 
by intra-tracheal injection of pneumonic exudation containing these 
cocci ; but Fatichi failed with rabbits. Further experiments of this 
kind are required, for there is every reason to believe that in man infec- 
tion occurs through the lung, though in some cases the disease in this 
organ may be secondary, or at any rate merely one of several morbid 
changes. 

When pneumonia runs on to suppuration and gangrene, these com- 
plications are possibly due to a secondary infection by the Staphylo- 
eoecus pyogenes aureus or Streptococcus pyogenes, though pyogenic 
effects have been attributed to the unaided pneumococcus. 

Cerebrospinal Meningitis—The Meningococcus or Diplococeus intra- 
cellularis meningitidis was originally described by Weichselbaum, and 
is now generally recognized as the cause of epidemic cerebrospinal 
meningitis. It is also asserted by Still to produce the posterior basic 
meningitis of infants. It is a diplococcus without a capsule, and is 
found principally within the multinuclear leucocytes of meningeal 
exudation, though some organisms lie free in the fluid. It has been 
described also as occurring rarely in blood, pus, consolidated lung, and 
nasal mucus. It must be borne in mind, however, that some confusion 
has at times existed between this organism and the pneumococcus. 
The meningococcus is stained by the ordinary aniline dyes: it is de- 
colorized by Gram’s method. It grows well on Leeffler’s blood-serum, 
forming round, whitish, viscid-looking colonies, clearly defined, and 
attaining a diameter of 1-1} mm. in twenty-four hours (Councilman). 
In cultures it soon dies out, but it appears capable of resisting drying, 
and is easily carried by currents of air. This fact accounts for the 
occurrence of the disease in epidemic form. Cultures injected beneath 
the spinal membranes of goats produced typical meningitis. Harris 
(quoted by Osler) recommends for the isolation of the organism that 
the fluid should be “ plated” with alkaline 5 per cent. glycerine agar, 
by which means the colonies of the meningococcus may be easily 
separated from other organisms, with which it is sometimes found asso- 
ciated. In chronic cases of the disease, no organisms may be found in 
the cerebrospinal fluid. 

Micrococci have been described in Measles, Vaccinia, Variola, 
Typhus Fever, Acute Yellow Atrophy of the Liver (early stage), Whooping- 


cough, Dysentery, Fat Necrosis, and many other dis- 


eases, but the evidence in favor of their causal rela- Fra. 160. 

tionship to the respective diseases is not sufficient to : 

justify a description of them here. ef, Br, 
Microcoeei which divide in three diameters, at & Sy 


right angles to each other—Sarcine—are often  garcinw -ventrieuli, 
found in vomit from stomachs dilated from pyloric x 500. 
obstruction and in cases of dyspepsia from chronic 

eatarrh (Sareina ventriculi) (Fig. 160) ; in the bronchi and deeper parts 
of the lungs in phthisis (Sarcina pulmonum), and in the urine (Sareina 
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urine): they have been seen also in abscesses and in blood. Single 
cocci may be seen, but the “majority form cubical groups of four, or 
some multiple of four (Fig. 160). S. urine (2.5 2) 

Fie. 161. is larger than 8. ventriculi, or than the fungus of 

this shape occurring in the lungs (1 y to 1.5 y). 


Valk eh Sarcinze may occur in the stomach without appear- 
WN up yi ing in the urine or elsewhere. It is extremely 
NY NL oi difficult to get rid of these fungi when they are 

Sita once established. The nature of the decomposi- 


Bacillus anthracis and tion to which they give rise is unknown. 
Bacillus typhosus, to 
show large size of 
former. > 500. 


II. BacillimThe members of this group are 
straight slender rods, of which the length is more 
than twice the breadth. They multiply by transverse division, and 
often grow into long, jointed, but unbranched filaments, without con- 
strictions at the joints. Formation of spores has been detected in some 
species. 

The Bacilli of Tuberculosis, Leprosy, Syphilis, Glanders, and Rhino- 
scleroma are described in separate sections dealing with these diseases. 

Bacillus Anthracis—The bacillus of anthrax or splenic fever was, 
for a long time, the best known of all the parasitic fungi. If the 
blood from the spleen of animals that have died from this disease be 
examined, enormous numbers of these organisms will be found. The 
bacilli are large rods averaging about 8 long by rather more than 1 
broad (Fig. 161). They are straight and motionless, and have slightly 
concave ends (Fig. 162). In a suitable culture-material, such as ordi- 
nary agar or gelatine media, with a plentiful supply 


of oxygen and a temperature of between 65° F. and Fie. 162. 

90° F., the rods grow into long interlacing filaments ge 

grouped into convoluted bundles not unlike a mass YY, 8 

of fine hair. In these filaments, spores may be formed 0 . 

at regular distances ; later on the bacilli break up and 0 

the spores are set free. Under favorable circumstances 0 0 

these grow into bacilli. In living animals, where the 4 ¢ A 
Q 


filaments and spores are not found, but the rods multi- 


Sal 


supply of oxygen is not sufficiently plentiful, the long i 


ply rapidly by division. In a stab-culture, the growth 
takes the form of an innumerable number of branched Gb 
spikes jutting out transversely from the line of pune- Bo ; 
ture. These spikes are largest and most numerous 0 


near the surface, gradually becoming smaller and Bacillus anthracis, 
more widely separated until they cease a short dis- So Ree eee 
tance above the end of the stab (Fig. 163). The — x 1000. 
bacilli retain the stain when treated by Gram’s 

method. They are readily destroyed, succumbing to the action of 
gastric juice and to putrefaction : the spores are unaffected by either of 
these influences and are among the most resistant organisms known. 
They may be separated by filtration, washed with distilled water, aleohol 
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and ether, and then dried ; but, notwithstanding all this, they will still, 
under favorable circumstances, develop into bacilli, and, when inoculated, 
give rise to splenic fever. The products of the anthrax-bacillus have 
been already discussed and tabulated (p. 276). 

Other facts regarding it have been given in the Fig. 163, 
earlier part of the present chapter. 

Animals vary enormously in their susceptibility 
to anthrax-bacilli. Those most susceptible, such as 
white mice and guinea-pigs, die from splenic fever a 
few hours after inoculation ; whilst those least sus- 
ceptible, such as white rats and Algerian sheep, 
remain unaffected. In man, who is to a moderate 
extent susceptible, the disease is at first local, but 
soon becomes generalized. 

In animals that have died of splenic fever, the 
spleen is much enlarged, the glands, nearest the 
point of entry, are swollen, and cloudy swelling is 
universally present. The bacilli exist in enormous 
numbers in the capillaries of the spleen, and to a 
less extent in those of the lungs, liver, kidneys, and 
intestine (Fig. 147). Numbers of bacilli are dis- 
charged from the body in the urine, fzeces, and blood 
flowing from the nose and mouth of the animal be- 
fore it dies; thus the ground in its neighborhood 
becomes covered with the organisms and is, there- 
fore, highly infectious. In warm marshy districts 
the bacilli multiply and sporulate. The spores may 
be carried by water or other means to meadows 
where anthrax has not previously occurred. Sheep pg. cinus anthracis. 
and cattle are infected while grazing. Pasteur con-  stab-culture in nu- 
sidered that the mouths of the animals were wounded __ tient agar-agar. 
by siliceous grasses, and believed that the cuts thus 
made became inoculated with bacilli or spores. In favor of this view 
he quotes the frequent swelling of the cervical glands in sheep affected 
by this disease ; but both animals and man are frequently infected by 
insects which bite them on the face. According to Koch, the intes- 
tine is the commonest seat of infection. 

If the bodies of the dead animals are buried at a depth of one 
metre or more, where there is neither oxygen nor a suitable temperature, 
no development of spores occurs and the bacilli die. 

In man infection may occur (1) through the skin, and (2) through 
the mucous membrane. 

(1) Infection through the skin occurs especially in those who work 
with raw hides. The bacilli give rise to a characteristic local lesion 
(malignant pustule), consisting of a central, black, necrosed area sur- 
rounded by vesicles and a hypersemic zone, the base of the whole mass 
being cedematous. If the pustule be excised at an early stage, the 
generalization of the disease may be prevented, although cases are on 
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record in which a month after excision of the pustule such patients 
were still eliminating bacilli in the urine. 

2) Infection not infrequently occurs through the mucous membrane, 
especially the respiratory (woolsorters’ disease), from inhalation of spores 
or bacilli with the dust from infected wool. In these cases the local 
lesions occur in the mucous membrane of the large bronchial tubes. 
Considerable swelling of the bronchial and mediastinal glands follows, 
and not infrequently effusions of fluid may occur in the pleura or 
pericardium, Such patients die, more rapidly than in the case of 
malignant pustule, with symptoms of acute septic poisoning, though 
after death but few bacilli can be found in distant organs. 

Immunization.—Pasteur cultivated the bacilli for twenty days at a 
temperature of 108° F. and inoculated sheep and cattle with the result- 
ing organisms, later on repeating the inoculation with less attenuated 
bacilli, and finally with ordinary virulent cultures. In this way he 
rendered many animals for a time immune. ‘The method is, however, 
open to the disadvantage that an appreciable proportion of the animals 
thus treated died of splenic fever. The attenuation of anthrax-bacilli 
has also been brought about in other ways—by cultivation under a 
pressure of eight atmospheres, by the addition of small quantities of 
antiseptics to the culture-medium, or by the passage of the organisms 
through the bodies of certain animals. Klein failed, with Pasteur’s 
vaccine, to protect rodents : if the vaccine acted at all it caused splenic 
fever. The attenuation is not accompanied by any morphological 
change, and the virulence of the bacilli may be restored at any time. 

Bacillus Typhosus.—This organism, which is sometimes spoken of 
as Hberth’s bacillus, is the accredited cause of typhoid fever (see Chapter 
XI). The bacilli can, with some difficulty, be found during life in the 
feeces, spleen (obtained by puncture), and urine. After death, if the 
parts are removed without delay, the organisms can be easily discovered 
in the spleen, liver, mesenteric glands, kidneys, and recent lesions in the 
intestines. They occur in groups, but do not give rise to tubercles nor, 
with rare exceptions, to abscesses. Their presence can be more readily 
ascertained by inoculating a culture-ground with a piece of the suspected 
organ, preferably the spleen or liver, than by examining stained sections 
under the microscope. 

In appearance typhoid-bacilli are not unlike tubercle-bacilli. Their 
breadth is about a third of their length, which varies between 2 4 and 
3 yp. Thus, they are a little thicker than tubercle-bacilli, while their 
ends are distinctly rounded. They stain slowly and part with color 
easily. The best stains are probably Leeffler’s methylene-blue (p. 307), 
and Ziehl’s fuchsin stain (p. 279). The bacilli do not retain the color 
when treated by Gram’s method (p. 278). Clear spaces often occupy 
the centre of the rods. There is some doubt as to the existence of 
spores. Those who believe in their existence describe them as rounded 
bodies, reaching right across the breadth of: the rods, and lying at their 
ends. They do not, however, give the usual staining-reaction of spores, 
nor are cultures containing them more resistant of high temperatures 
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and other destructive agencies. The chief microscopic features which 
distinguish typhoid- from tuberele-bacilli are the possession of flagella, 
the power of active movement (especially in young cultures), and some 
of the staming-reactions. A typhoid-bacillus, when stained by special 
methods, appears enveloped by a thick capsule. In intimate connection 
with this capsule, apparently composed of the same substance, and dis- 
tributed over its whole surface, are the flagella, eight to twelve in 
number, varying much in length and thickness. Sometimes they are 
considerably longer than the parasite itself. Some of the bacilli have 
only a single flagellum at one end (Fig. 164). 

Cultures can be readily obtained. The organism thrives in milk, 
and can even multiply for a short time.in sterilized drinking-water— 
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Typhoid-bacilli, showing flagella. > 1000. 
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points of practical importance. It thrives best at the body-temperature 
but will grow readily at 60° F. It does not liquefy peptone-gelatine, 
but a stab-culture appears on the surface as a flat, spreading, white film 
with a wavy margin, and marks the line of puncture by a growth with 
an irregularly wavy outline. A streak-culture on gelatine (Fig. 165) 
forms a narrow white line along the track of the needle. It is mainly 
aérobic. Potato-cultures of this bacillus are almost invisible : this fact 
is utilized in the recognition of the organism. Thus, if a fresh potato- 
culture be incubated for forty-eight hours, no visible change occurs ; but 
if surface-scrapings be then taken, stained, and examined, threads of the 
bacilli will be easily found. Many peculiarities of growth are described 
in order to distinguish it from other bacteria, especially the Bacillus coli 
communis, which it closely resembles both morphologically and in its 
mode of growth and habitat. Thus acid-products, but no idol, are 
formed in bouillon-cultures, while most bacilli, occurring under the same 
conditions, form indol. Another suggested test depends on the tendency 
which this organism possesses of absorbing the color, when cultivated 
on a gelatine-medium stained with gentian-violet, thus leaving the 
gelatine colorless. Still another is founded on a slight indifference which 
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the organisms show to the action of carbolic acid. Thus, if a minute 
quantity of carbolic acid (2.5 per 1000) be added to a culture of mixed 
organisms, the growth of most will be arrested, but the B. typhosus and 
the B. coli communis will continue. The chief points by which the 
latter organism can be distinguished from the typhoid-bacillus are tab- 
ulated on page 306. 

According to Sternberg, ten minutes’ exposure to moist heat at 
140° F. destroys typhoid-bacilli. They are also killed in about the 
same time by the action of gastric juice. 

Inoculation has hitherto been only partially successful. It is doubt- 
ful if any animal is susceptible to typhoid fever as we know it in man. 
Rabbits, dogs, and mice have been inoculated, and have died in thirty- 
six hours with symptoms of general septicaemia; but though, when 
virulent cultures are used, an enlarged spleen and swollen Peyer’s 
patches have been very generally found, the disease never runs a longer 
course, nor is there ever any characteristic ulceration. Very rarely 
suppuration may be due to this organism, e. g., periostitis, though in 
most cases in which pus occurs in typhoid fever it has been found to 
contain other organisms. There is a marked difference in the effects 
produced if the filtered products be alone injected. These give rise to 
no marked lesion beyond fatty degeneration of the heart (S. Martin). 
If the dead bodies of the bacilli be also injected, the effect is much more 
marked. The toxines of the bacillus are, therefore, in all probability 
intracellular ; but their real nature is unknown. 

In spite of the gaps in the chain of evidence, all the observers quoted 
believe that this bacillus is the cause of typhoid fever ; and we may, at 
any rate, affirm that it is constantly present in that disease, is recogniz- 
able from all known bacilli by the various characteristics given above, 
and is not found in any other disease. Moreover, this view is confirmed 
by the facts regarding immunization mentioned below. Gaffky taught 
that infection always occurs through the mucous membrane of the 
intestine, even when the poison seems to have been inhaled as dust ; 
he believes that it is caught on the mucous membrane of the pharynx, 
swallowed, carried through the stomach, and thus brought into contact 
with the bowel. 

Immunization —It has been repeatedly shown that mice, guinea- 
pigs and other animals can be immunized against the effects of the 
typhoid-bacillus by the subcutaneous injection of dead cultures of the 
organism. It has also been shown that, although the animals can be thus 
protected against the action of typhoid-bacilli, they are not protected 
against the effects produced by the injection of the toxines derived 
from the bacilli. In the same way, while the serum of healthy persons is 
somewhat inimical to typhoid-bacilli, that of convalescents from typhoid 
fever has been found to have a far more marked action. That this serum 
is antimicrobic and not antitoxic has been shown, among others, by 
Pfeiffer, who added to the toxines serum from persons convalescent 
from typhoid fever, and injected the mixture into guinea-pigs, at the 
same time injecting a corresponding series of guinea-pigs with the 
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typhoid-toxine alone. The results in both series were precisely similar. 
Moreover, it has been found that if the serum of animals immunized 
to the typhoid-bacillus, or of persons convalescent from typhoid fever, 
be added to an active culture of typhoid-bacilli, the organisms lose 
their motility and become aggregated into clumps of various. sizes 
(Widal’s reaction). Their vitality is, however, not destroyed. 

The foregoing results are interesting, not only as an illustration of 
the difference between antimicrobic and antitoxic sera, but in so far 
as they furnish additional evidence as to the causation of typhoid 
fever, as well as suggest a useful procedure in diagnosis and a possible 
protection against the disease. In utilizing the result in diagnosis, it 
is necessary to withdraw a small portion of the blood of the suspected 
patient, and to observe the effect produced by the serum thence obtained 
upon the bacilli contained in a selected culture. In order to ensure 
reliable results it is necessary that the typhoid-bacilli be carefully 
selected, and as carefully reared ; and, on the other hand, that the serum 
be diluted at least ten times, and the diagnosis based on the appearances 
observed within the first fifteen minutes of preparing the mixture, as 
normal serum, without these precautions, may give a similar reaction. 

As a protective vaccination against. typhoid fever, dead cultures, 
similar to those injected into animals for the purpose of immunization, 
are employed. A local inflammatory action with slight fever generally 
results, but it is impossible at present to say whether complete immu- 
nity is produced, or, if produced, how long it lasts. 

Bacillus Coli Communis. (Bacterium coli commune.)—This bacillus is 
a common denizen of the intestine, and especially of the neighborhood 
of the cecum. It is also found in the mouth, and occasionally in other 
parts. It very rarely occurs alone. In size, in shape, in the possession of 
flagella, and in staining-reactions, this organism very closely resembles 
that of typhoid fever. According to some observers, the B. coli com- 
munis has fewer flagella, but this supposed peculiarity is certainly not 
constant. There is a tendency for the bacilli to occur in pairs, and, 
when cultivated, in short threads. This organism probably does not 
form spores. It is mainly aérobic, and seems to havea slight power of 
active movement. Like the typhoid-bacillus, it grows best in acid media ; 
but the surface-colonies are larger, denser, and more glistening, as well 
as of a pale brownish tint ; while a streak-culture forms a broad dense 
growth stretching out on both sides of the track. In gelatine tube- 
cultures it assumes the form of an irregularly encrusted stick, with small 
outgrowths here and there, but without tapering in either direction, 

There can be no doubt, on the one hand, that this organism exists in 
perfectly healthy intestine ; nor any doubt, on the other, that in many 
diseased conditions it exists in larger numbers than any of the other 
organisms present, and is, occasionally, the only one that can be found, 
Hence it seems probable either that other bacilli are at present confounded 
with the B. coli, or that this is subject to very great variations in virulence. 
There is a very general belief that, at any rate, the latter alternative is 
true, though the cause of this variation is quite unknown. In some states 
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the organism seems able to produce a condition similar to septicemia ; 
in others, only to give rise to local irritation and suppuration. 

The most important distinctions between the B. typhosus and the 
B. coli communis may be thus tabulated : 


B. typhosus. B. colt communis. 

1. Actively motile. 1. Sluggishly motile. 

2. When “streaked’’ on surface of gela- 2. When “streaked” on surface of gela- 
tine forms a narrow white line of tine forms a broad dense growth 
growth along the track of the needle spreading out on both sides of the 
(Fig. 165). track (Fig. 166). 

3. In gelatine “shake culture’? produces 3. In gelatine ‘‘shake-cultnre’’ produces 
no gas, bubbles of gas. 

4. On potato forms an almost invisible 4. On potato forms a thick slimy yellow- 
transparent white film. ish or brownish growth. 

5. Does not curdle milk. 5. Curdles milk in about 48 hours. 

6. Does not produce indol in peptone- 6. Produces indol in peptone-broth-cul- 
broth-cultures. tures. 

7. Reacts with serum from patients with 7. Does not react with serum from patients 
typhoid fever. with typhoid fever. 


Fra, 165. Fig. 166. 


Bacillus typhosus. Streak-cultureonnutrient Bacillus coli communis. Streak-culture on 
gelatine. (See p. 303.) nutrient gelatine. (See p. 305.) 


Bacillus Diphtherie—In 1883 Klebs drew attention to a bacillus 
which he had found constantly present in diphtheritie membrane. In 
the following year, Leeffler published an account of its morphology and 


PATHOGENIC BACTERIA. 307 


cultivation, together with results obtained by inoculation. The bacillus 
is therefore often called the Alebs-Lefler bacillus. 

The bacillus is to be found in nearly all cases * diagnosed clinically 
as diphtheria, as well as in some nasal discharges, and not infrequently 
on the fauces of otherwise healthy persons. In diphtheria it is usually 
limited to the false membrane and its neighborhood, and grows most 
abundantly in the more superficial parts of the membrane; on those 
rare occasions in which it has been found in an internal organ, it has 
probably reached it from the blood-stream, to which it may have gained 
access only a few hours before death. Its presence in the membrane 
can be made out during all stages of the disease ; and the examination 
of scrapings from the mucous surface of the mouth shows that it may 
continue to live for many weeks after the fever has disappeared. Bacilli 
having a close morphological resemblance to it seem to be occasionally 
present in the mouths of healthy individuals, as well as organisms giving 
even the same culture-results as the diphtheria-bacillus. The term 
pseudo-diphtheria-bacillus is applied to these forms, some of which, at 
any rate, seem just as pathogenic as the more orthodox organism. Bacilli 
taken from diphtheritic membrane can be cultivated through many gen- 
erations, and after an interval of some months are still capable, when 
inoculated, of giving rise to the original disease—not merely to the local 
inflammation and membrane, but also to the subsequent paralysis. 

The diphtheria-bacillus is generally rather shorter and thicker than 
the tubercle-bacillus. It is usually from 1.5 » to 2.5 w long, and about 
a third as broad. It may occasionally attain a 
length of 6 » to 8 yw, both in the membranes and Fig. 167. 
in cultures. Its shape is not always regular ; 
sometimes the ends are thicker than the centre, 
and sometimes the centre than the ends. The ¥: 
latter are rounded. The bacilli not infrequently ree 
contain a row of two or three highly refracting : 
areas, the nature of which is unknown. In all 
probability they are not spores. me organism is 
believed to multiply by fission only. It never ; 
forms long ee it is motionless. Laeeffler’s oe oer 
alkaline methylene blue solution f gives the best 
staining results, but Gram’s method can also be employed, as the organ- 
isms retain the color. 

The peculiar polar staining exhibited by diphtheria-bacilli is well 
brought out by the method suggested by Neisser. . Two staining solu- 
tions are prepared, the first consisting of 1 gramme of methylene blue 
dissolved in 20 c.c. of 96-per-cent. aleohol to which 50 c.c. of glacial 
acetic acid and 950 c.c. of distilled water are subsequently added ; the 
second, of a filtered solution of 2 grammes of yvesuvin in 1 litre of 
boiling water. Cover-glass preparations are stained from 1 to 3 seconds 


* Some authorities limit the name of “diphtheria” to those cases in which it can 


be found. : ' 
+ Satarated alcoholic solution of methylene blue, 30 c.c.; solution of caustic pot- 
ash, 1: 10,000, 100 e.c. Leefiler’s method of staining flagella is altogether different. 
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in the methylene blue solution, washed, stained in the vesuvin solution 
from 3 to 5 seconds, rinsed in water, dried and mounted. ‘The polar 
corpuscles are stained blue, the rest of the bacilli being brown (Hewlett). 
This method is supposed to be of some value in differentiating Leeffler’s 
bacilli from others. ; 

The organism can be cultivated in many media. It does not liquefy 
gelatine. It grows well in milk; but the most frequently employed 
culture-ground is Leeffler’s serum.* A minute portion of membrane 


Fic. 168. Fia. 169. 


ae 


Bacillus of diphtheria. Colony on agar twenty-four hours after inocu- 
lation. Xx 100. (After Frinkel.) 


transferred to this will develop, in the course of 
twenty-four hours, small gray elevated dises with 
pale circumferences (Fig. 169). In secondary cul- 
tures these show a tendency to become arranged in 
lines (Fig. 168). Growth can take place at any 
temperature between 70° F. and 108° F., but is 
most luxuriant when it remains between 92° and 
PCO ioe 99° KF. Moist heat of 140° F. is rapidly fatal, but 
See, aoe ay heat at 208° F. may take an hour to destroy the 
fler.) organism. A free supply of oxygen encourages, but 

is not essential to, its growth. There is no difficulty 

in maintaining the virulence of the organism during cultivation ; but if 
a culture be left undisturbed for some months its virulence diminishes, 
and this result follows more rapidly if it be allowed to become acid. 
In either case replantation into a fresh culture-ground rapidly restores 
the virulence. The organism resists drying to a much greater extent 
than is usual in bacilli which do not form spores. If a specimen be 
dried and kept dry for six months, it will grow as soon as it is placed 
under favorable conditions. This point is of great practical importance, 
and emphasizes the necessity for thorough disinfection. Cultivation of the 


* Peptone, 1.0; grape-sugar, 1.0; chloride of sodium, 0.5; neutral gelatinized veal- 
broth, 100.0; blood-serum, 300.0. 
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organism in the presence of sewer-gas does not increase its virulence 
(Shattock). The accredited influence of sewer-gas in the production 
of diphtheria must therefore depend upon its direct effect upon the host. 

From the foregoing account it will be seen that the requirements of 
the organism as regards air, temperature, and moisture are admirably 
provided for in the mouth and upper air-passages. Moreover, they are 
supplemented by the co-operation of various cocci, especially the pyo- 
genic varieties, which are always ready to hand. The spread of the 
membrane inward is probably due partly to the more suitable tempera- 
ture and partly to the force of inspiration. The cat is the only animal 
besides man that is liable to true diphtheria. 

In 1890, by means of filtration through porcelain, and subsequent 
precipitation with absolute alcohol, Roux and Yersin succeeded in isolat- 
ing, from cultures of the organism, a poison which, if injected into 
animals in large doses, caused prostration and death, but, if in small 
doses only, paralysis and albuminuria (in rabbits on the fifth day). In 
no case was any membrane formed. It was also noted that the addition 
of acid to the poison rendered it harmless. They believed this poison 
to be an “unformed ferment.” 

Two years later, by very similar procedures, Sidney Martin separated 
identical series of substances (1) from the tissues of persons dead of 
diphtheria ; and (2) from cultures of the organism on media closely 
resembling the tissues in chemical composition (p. 285). This series 
consisted of hetero-albumose, proto-albumose, deutero-albumose, and an 
organic acid. Of these, the first was only to be obtained from the 
membrane and the last from the tissues; the proto- and deutero-albu- 
moses were present in both membrane and tissues. Martin showed 
that the factory of the albumoses was the tissues, and especially the 
spleen, and that but little was formed at the site of the membrane. 
He regarded all the products as the result of a ferment produced at the 
seat of the local disease, and thence entering the circulation. He con- 
sidered that the paralytic effects were due to the action of the albumoses 
on the peripheral nerves, which caused breaking up of the myelin- 
sheath, and more or less thinning and even disappearance of the axis- 
cylinder ; fatty degeneration of the heart and voluntary muscles was 
also found (p. 275). 

The nature of the toxines is, however, only partly known. It is 
certain that toxines can be formed even when the bacilli are grown 
in a medium free from proteid; while other observers have separated 
from cultures a toxic body giving no proteid reactions. It is possible, 
therefore, that the bodies which Martin separated only contained the 
toxines, and that these have not yet been isolated and described. 

Immunization.—Another step in advance was made in the same year 
(1892) by Behring, who drew attention to the acquired immunity 
which could be obtained against these diphtheria-bacilli. He described 
four ways by which animals could be rendered immune. He injected 
(1) cultures of the bacillus attenuated by heat ; (2) cultures attenuated 
by the addition of trichloride of iodine; (3) the pleural exudation of 
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animals dead of experimental diphtheria; or (4) a dose of virulent 
diphtheria-bacilli, followed by one of trichloride of iodine. He next 
showed that the addition of some serum, from an animal thus immu- 
nized, to an ordinary culture of the organism not only arrested the 
action of the bacilli but neutralized the poison as well, so that, when 
"injected, it was found to be innocuous. The final stage was reached 
when he showed that, if a fatal dose of diphtheria poison had been 
injected, it could be neutralized by a subsequent injection of this 
“immunized serum.” A good deal was found to depend upon the 
method employed for rendering immune the animal from which the 
serum was taken. Within certain limits, the injection of small amounts, 
spread over a long period, was found to give the best results. In cases 
in which only the filtered culture and not the actual bacilli are em- 
ployed, the dose of serum required is found to vary not only with that 
of the poison, but also with the body-weight and possibly with the 
species of animal employed. Again, the doses requisite depend upon 
the interval between the two injections. It was smallest when that of 
the serum immediately followed the poison. These results have led 
to the extensive use of the immunized serum for therapeutic purposes : 
these have been more fully referred to in the section on Immunity 
(p. 285). 

Bacillus of Infiuenza.—In 1892, Pfeiffer, Kitasato, and Canon suc- 
teeded in finding a minute bacillus, which is now generally believed to 
be the cause of this disease. It is extremely minute, measuring 0.1 
by 0.8 . It stains with Ziehl’s and Leeffler’s fluids: the ends take the 
stain best, and thus the organism often looks like a diplococeus. It 
occurs singly, in pairs, and in short chains. It is non-motile and does 
not form spores. Large numbers have been found in the bronchial 
secretion: they persist for some weeks after the catarrh. It has been 
found in the peribronchial tissue, and on rare occasions in the blood. 
Complications in influenza are generally associated with the presence 
of other bacteria. 

Pure cultures are not easily obtained. On sugar-agar these appear 
as small, discrete, transparent globules visible only with a lens. The 
bacillus is aérobic, grows best at the body temperature, and is easily 
destroyed by drying. 

Local inunction of pure cultures into the respiratory mucous mem- 
brane of monkeys and rabbits is followed by the characteristic symp- 
toms, but as the bacilli do not multiply in any of the lower animals, 
the resulting condition is probably due to the absorption of toxines. 

Bacillus of Plague. (Bubonic Fever.\—Kitasato and Yersin dis- 
covered this bacillus during an epidemic at Hong Kong in 1894. 

They succeeded in finding bacilli in the blood, buboes, and internal 
organs, especially the lungs of the plague-stricken patients. The 
organisms stained readily with the usual ‘reagents ; they had rounded 
ends, which appeared darker than the central parts; they possessed 
flagella and slight power of movement. No spores were discovered. 
The organisms were easily destroyed by sunlight, heat, carbolic acid, 
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and quicklime, but resisted drying for four days. Similar organisms 
were never found in healthy persons or in those suffering from any 
other disease. 

Cultures were obtained on blood-serum, glycerine-agar, and other 
media. The colonies were whitish-gray, rounded patches, with uneven 
edges. In the cultures the bacilli often formed long threads. 

Mice, rats, guinea-pigs, rabbits, and monkeys, if inoculated with 
pure cultures or with blood from patients, succumbed with a constant 
sequence of symptoms. Roughly speaking, these appear to have corre- 
sponded to those in man, though the enlargement of the glands does 
not seem to have been so marked. The bacilli were found in the blood, 
glands, and organs of these animals. Pigeons are immune. Animals 
fed with the organism or infected blood died in the same way as those 
inoculated. The disease has often been conveyed from one district to 

another by means of infected rats. 
Immunization.—Rabbits have been rendered immune by the injec- 
tion of sterilized cultures, and an antiplague serum of doubtful 
efficacy has been prepared from horses treated in a similar manner. 
Haffkine’s preventive inoculation, which is better known, consists in the 
injection of a bouillon-culture sterilized by exposure to 70° C. for one 
hour. : 

That the bacillus is the cause of the disease was sufficiently proved 
by the death from the plague of an attendant in a laboratory at Vienna 
where experiments were being carried out on some cultures sent from 
India. 

Bacillus of Tetanus.—In 1884 it was shown that tetanus was an 


Fie. 170. 


X1000 


Bacillus of tetanus. For description, see text. 1200. 


inoculable disease. In the same year a special bacillus was described, 
but it was not isolated and cultivated until 1889. Kitasato accom- 
plished these results by heating the impure cultures of pus, obtained 
from the original wound, to a temperature of 80° C., and then incu- 
bating the residue in an atmosphere of hydrogen. 

The size of the bacillus is from 3 p» to 5x 0.4 4. The bacilli are 
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often arranged in longer spiral threads. Spores are often found. They 
oceupy one end of the bacillus, and being two to four times the diam- 
eter of the organism, give it the appearance of a miniature drum-stick 
(Fig. 170). Flagella are attached to the ends and sides, but the organ- 
ism is only slightly motile. The bacillus can be stained by the usual 
methods. Its habitat seems to be the superficial soil, especially when 
mixed with manure, from which it can often be obtained. 

It can be readily cultivated if great care be taken to exclude oxygen ; 
this bacillus and that of malignant cedema are the two most prominent 

examples of anaérobic organisms. It can be separated 

Fie. 171. from the other organisms with which it usually occurs 
sooo by heating the impure culture to 80° C., which will 

4 kill all the organisms but the spores of the tetanus- 
bacillus. The organism liquefies gelatine slowly, and 
grows only beneath the surface, forming thin waved 
lines radiating from the puncture-track. The most 
suitable temperature is 97° F. to 100° F. The cul- 
tures have a characteristic odor and appearance (Fig. 
171). The spores are noted for the great resisting 
power they show to the ordinary methods of destruc- 
tion. Thus, they have been known to resist success- 
fully boiling for five minutes, drying for five months, 
and immersion in carbolic acid (1:20) for ten hours, 
and in mercuric chloride (1:1000) for three hours. 
Fifteen minutes’ boiling is invariably fatal. For a long 
time all attempts at attenuation failed, but it has lately 
been shown by Tizzoni and Cattani that attenuation 
results from (1) the exposure to the air of spores on 
threads ; and (2) the preservation of cultures in vari- 
ous gases for long periods—generally over a year. 

The constant presence of the bacillus in cases of 
tetanus, and the possibility of purifying it by cultiva- 
ie tion having been established, it remained for Kitasato 
Tetanus bacilli. to complete the proof by successfully inoculating these 

Stab-culture in cultures on animals. He showed not only that inocu- 
nutrient sugar- . ro 5 ° 
neo lation of the bacillus produces the disease, but also that 
in such cases the organisms remain confined to the wound, 
and that the symptoms are due to the absorption and circulation of 
their products. Thus, he found (1) that inoculation of a sterilized cul- 
ture produced a fatal form of the disease, but that no bacillus could be 
found in, and no cultures obtained from, the organs of an animal killed 
in this way ; (2) that inoculation of the spores with some mechanical 
irritant, but without bacilli or toxines, produced a similar disease, and, 
similarly again, that no bacilli could be found in, and no cultures 
obtained from, the distant organs ; and (3) that in the latter case the 
symptoms were first observed in the locality of the inoculated part. 
He concluded, therefore, that the bacilli in the wound produced their 
effect by manufacturing poisons which are gradually disseminated. 
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The nature of these toxines is unknown. Martin has separated, 
from the tissues of persons dead of tetanus, two bodies; one of these 
contains proteid, the other does not. Brieger has also separated a non- 
proteid body. According to both these observers, a non-proteid body is 
the toxine which acts as a direct excitant of the motor-cells of pons, 
medulla and spinal cord, and thereby produces the muscular spasms 
characteristic of the disease. The chief reason for the belief held by 
many, that some ferment acts as an intermediary between the bacillus 
and the toxines, lies in the extremely definite incubation-period which 
exists between the introduction of the bacterial products and the onset 
of the symptoms, and which gives time for the production of secondary 
toxines from the tissues. : 

Immunization.—Kitasato conferred a two-months immunity on rab- 
bits by injecting a small portion of a sterilized (filtered) culture, followed 
by five daily injections of trichloride of iodine (3 ¢.c. of 1 per cent. 
solution). Subsequent observers have obtained results precisely anal- 
ogous to those already described in diphtheria. Small but regularly 
increasing (3 c.c. to 120 c.c.) and repeated doses of the filtered cultures 
gradually confer immunity ; and the serum obtained from animals thus 
protected is found to prevent the development of symptoms if injected 
before, or with, a fatal dose of the toxines. By some observers the same 
result is claimed when the injection follows the development of the symp- 
toms of the disease. The serum must be injected in very large doses. 
Unfortunately it is difficult to recognize the disease in its earliest stages. 

Malignant (Edema.—A spreading cedema ending fatally may be 
produced by the inoculation of mice, guinea-pigs, or rabbits with garden- 
mould. Only one form of bacillus develops, and the cedema-fluid con- 
taining it is infective (p. 272). The bacillus is 3 yw to 3.5 yw in length, 
but grows into longer threads, which much resemble anthrax-bacilli. 
They differ in showing no segmentation, in having rounded ends, and 
in being absolutely anaérobic. The bacilli bear spores, but do not 
retain the stain in Gram’s method. In cultures, characteristic air- 
bubbles occur at the sides of the tube. 


III. SpirillaTwo diseases, relapsing 
fever and cholera, are associated with curved 
organisms. 

Relapsing Fever.—The Spirocheta Ober- 
meiert (Fig. 172), often called “ spirillum,” is 
found in the blood in this disease. It was dis- 
covered by Obermeier in 1873. It is a zigzag, 
sharply curved, uniform thread, 16 to 40 » long, : 
with quick undulating movements. Nospores  g isiaofrelapsing fever with 
are known. The organism takes the ordinary red corpuscles. 1000. 
stains feebly, and does not retain the stain 
when treated by Gram’s method. The organisms appear in the blood 
just before the commencement of an attack, and disappear with 
remarkable speed during the crisis. Metschnikoff states that during 
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the apyrexial interval they accumulate in the spleen, where they are 
taken up by the multinucleated leucocytes. Soudakewitch has shown 
that the previous removal of the spleen enormously increases the mor- 
tality. Nothing is seen of the spirilla till the relapse, when they return. 
All attempts to cultivate them have hitherto failed. The disease has 
been inoculated from man to man, and from man to apes (Carter, 
Koch). It is said that the blood is not infective during the fever-free 
period, but that the splenic pulp is then infective. 

Cholera.—Cholera has long been regarded as an infective disease, 
but nothing definite was known until 1883, when Koch began his work 


Fig. 173. 


Cholera spirilla. Flagella not shown. X 1000. 


in Egypt and India. He found that in the most acute cases the intes- 
tinal mucosa was simply opaque with slightly swollen follicles, that the 
intestinal contents were like gruel, and that these contents consisted of 
an almost pure cultivation of the parasite presently to be described. In 
cases of somewhat longer duration, he found the follicles and Peyer’s 
patches surrounded by zones of hyperemia, running together into red 
areas ; and, in the least acute cases, the small intestine became intensely 
congested, the congestion being most marked above the ileo-cecal 
valve and dying away in the upward direction. In these cases the 
intestinal contents became increasingly blood-stained, and finally exhaled 
a distinctly putrefactive odor, whilst the parasite above referred to was 
more or less replaced by other bacterial forms. 

In the stage of patchy redness, sections of the mucosa parallel to its 
surface showed that, in the most acute cases, the redness corresponded 
to an invasion of the epithelium of the tubular glands by the parasite 
found in the intestine: the organisms were found lying between the 
epithelium and the basement-membrane. This bacterium, therefore 
soon attracted attention by its definite form and by its apparent én 
stancy. 
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Koch’s cholera-spirillum or vibrio is about one-half to two-thirds the 
length of a tubercle-bacillus, but thicker (about 0.5 4). It is curved, 
usually to a degree equal to that of a comma—hence the first name, 
comma-bacillus—but sometimes to that of a semicircle. It multiplies 
by transverse division, and, when the organism is grown upon gelatinous 
media or the intestinal mucosa, the segments separate 
from each other at once; if two remain united, they Fie. 174, 
form an S-shaped figure (Fig. 173), their curves being 
in opposite directions. When cultivated for any length 
of time in nutritive fluids, the spirilla may remain 
united until they form delicate spirals of some length, 
very like the spirilla of relapsing fever: these are 
probably degenerative forms. <A single flagellum is 
usually attached to one end of each organism. Occa- 
sionally two or more flagella may be similarly attached. 
More rarely still, flagella may be connected with both 
ends. Both single cells and spirals are actively motile. 
When present in the intestines in large numbers they 
form, according to Koch, little heaps in which the 
single cells have all the same direction; so that it 
looks as if a little swarm of them were making their 
way one behind the other, like fish in slowly moving 
water (Fig. 173). The organisms stain with the ordi- 
nary solutions before mentioned, but do not retain the 
color when treated by Gram’s method. Other organ- 
isms possessing the same anatomical characters have 
been described by several observers. Gruber maintains 
that in the cholera-spirilla variations in the size, curve, . 
sharpness of ends, and number of flagella are common, ee ee 
and depend on the special epidemic in question, on gelatine. 
the conditions of growth, and on the age of culture. 
Culture-experiments show that the vibrio grows well upon all the or- 
dinary media, and its exceptionally rapid multiplication can be watched 
in a drop of meat-infusion upon the under surface of a cover-glass. If 
linen, stained with cholera-dejecta, be kept moist and exposed to the air, 
growth is also very free for two or three days. The colonies upon nu- 
trient gelatine or agar begin as very pale tiny spots, which, as they get 
larger, present a slightly irregular outline and a finely granular surface : 
Koch compares them to heaps of powdered glass. On the second day 
the gelatine liquefies in the immediate neighborhood of each point, and 
the colony sinks into a bell-shaped depression with a white apical point. 
The appearance of a long narrow funnel is very typical when a tube is 
inoculated by puncture. In the case of allied organisms, liquefaction 
generally takes place more rapidly. The proof of the individuality of 
this organism depends upon the combined evidence afforded by (1) the 
microscopic appearances ; (2) the results of cultivation on gelatine and 
on agar ; (3) the indol reaction with peptone-cultures ; and (4) the effects 
of inoculation on animals, 
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The growth reaches its limit in a few days, remains a short time 
stationary, and then diminishes, the bacilli either shrivelling or swelling, 
and staining more or less imperfectly. Many strange “ involution-forms Me 
appear: these have been thought to belong to different species. Clear 
spots failing to stain have been regarded as spores ; but spirilla contain- 
ing these spots are not more resistant than others, and it is now gener- 
ally acknowledged that no spores are formed. 

Growth is most rapid at 86° F. to 104° F., and stops if the tem- 
perature falls below 60.8° F. Death results from exposure to a moist 
temperature of 131° F. (55° C.). Oxygen is essential to growth, but 
neither its absence nor an atmosphere of carbon dioxide causes death. 
An alkaline reaction is most favorable to growth, while distinct acidity 
often arrests it; but all acids have not this effect, for though the surface 
of a potato is acid, yet growth occurs freely upon it. Koch added many 
antiseptics to cultures, in order to discover those which most powerfully 
hindered development. Quinine (1: 5000) and mercuric chloride 
(1: 100,000) head the list, but it is obvious that the constitution of 
the material to which they are added will greatly affect the result. 
Koch’s most important observation on this point was that complete 
desiccation killed the bacteria in three hours. It must be remembered 
that in pappy substances many hours may be required to complete 
desiccation, but, even in such, twenty-four hours suffice to destroy 
cholera-germs. Cholera is, therefore, not often conveyed by the air, 
except through the medium of flies. Lastly, it is very probable, if 
not certain, that this spirillum soon dies in putrid fluid, cesspools, and 
the like, and that consequently the addition of antiseptics to such col- 
lections of matter may possibly preserve rather than destroy the cholera- 
germ. 

Koch’s theory as to its action is that, being confined to the intestine, 
it produces a virulent general poison, which is absorbed and at the same 
time acts as an intense irritant to the mucous membrane. Early death 
in collapse, perhaps before the passage of a single stool, may result from 
general poisoning, and it is in these cases that the intestine is found pale 
—simple hyperemia having died away. In less acute cases the local 
effects become more marked, and increasing extravasation of red corpus- 
cles remains to indicate the existence of the hyperemia. Then the 
cholera-germ having reached the limit of its development, is more and 
more replaced by putrefactive germs, the products of which are ex- 
tremely irritant and poisonous. Various toxic bodies have been obtained 
from cultures of the cholera-spirillum. These, when injected, give rise 
to cramps, cardiac failure, and lowered temperature, respectively. The 
exact nature of these is at present unknown. 

Koch failed to find the vibrio in any cases but those of cholera. 
Metschnikoff has, however, pointed out that, during a neighboring 
epidemic of cholera, the drinking water of Versailles contained the 
cholera-vibrios, but that those who drank the water remained unaf- 
fected. He has further shown that the organism persisted in the water 
for months after the epidemic had ceased, and therefore that the appear- 
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ance of the microbe in water did not necessarily involve the appearance 
of an epidemic. He believes that cholera-organisms may exist for 
some time in the intestines of animals without producing cholera. 
This result he attributed to the inimical action of the other organisms 
present. 

The possibility of inoculating the disease must now be considered. 
By an accident, cholera-dejecta became mixed with water: this was 
drunk by seventeen persons ; of these, five developed cholera. Again, 
at Berlin, during a course of demonstrations upon the bacteria of 
cholera, one of the members of the class was attacked by a distinct 
though mild form of the disease, his stools containing numbers of 
spirilla: no other source of infection could be ascertained. 

Meanwhile, Nicati and Rietsch at Marseilles succeeded in infecting 
dogs and guinea-pigs with a disease like cholera, by injecting cultiva- 
tions of the spirilla into the duodenum. This method was adopted to 
avoid the stomach, in the acid secretion of which the cholera-germs 
ordinarily perished. Of eighteen guinea-pigs thus treated, thirteen died 
of “cholera” ; whilst of “control” animals, injected with other bacteria, 
none died. 

Koch next neutralized the gastric juice for about three hours by a 
suitable injection of carbonate of sodium, and then introduced spirilla 
into the stomach, but with a negative result. He next delayed peristalsis 
by means of opium, with the result that of thirty-five guinea-pigs in- 
fected through the stomach, thirty died of “ cholera.” 

Infection through the stomach is probably much easier in man than 
in guinea-pigs. Ewald finds that water introduced into an empty 
stomach remains neutral, or even becomes slightly alkaline: its quan- 
tity decreases slowly for an hour or more; then decreases suddenly— 
evidently from opening of the pylorus—before its reaction has become 
acid. Cholera-spirilla, introduced shortly before this occurrence, might 
reach the duodenum alive. As with other acute specific diseases, only 
a few of those persons exposed take the disease ; and, according to 
Koch, almost all these are suffering from digestive troubles, gastro- 
intestinal catarrh, or an overloaded stomach—conditions diminishing 
the general acidity of the stomach and enabling the spirilla to escape 
with undigested masses. 

The contagion of cholera exists in the dejecta, and quite exceptionally 
in yomit (when this has regurgitated from the intestines). For the dis- 
ease to spread, moisture is essential—as desiccation as a rule means 
death of the organisms (see above). Cholera, therefore, does not, like 
tuberculosis, spread by the shaking of dust from linen ; it is not carried 
by post nor by merchandise, but by man. As a rule, it is spread by 
the infection of water; this occurs very easily in India, where a large 
tank is employed to collect water for many people ; and the one tank is 
used indifferently as a public bath, a wash-tub, a cesspool and a reser- 
voir of drinking-water. In many instances, a supply of pure water 
has prevented the recurrence of the disease where previously it had 
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been rife. Most provisions may be infected by contaminated hands or 
perhaps by flies. 

It has already been shown that this parasite can multiply apart from 
the body,—e. g., on moist linen, on potato, or in meat-infusion. As it 
requires rather concentrated nourishment, it probably does not multiply 
in ordinary running water; but many of the rivers of India are ex- 
tremely foul, and organic matter increases greatly where the waters 
stagnate, drains and gutters enter, and vegetable and animal refuse col- 
lects ; at such places the water may be turbid from germs. Stagnant 
surface-water, therefore, seems to be the great culture-ground for 
cholera-germs external to the body. 

The serum of choleraic patients possesses agglutinative properties 
upon the spirilla similar to those described in the case of the bacillus 
of typhoid fever (p. 305). For an account of preventive vaccination 
against cholera, see 228. 

The belief that Koch’s spirillum is the exciting cause of cholera de- 
pends on (1) its proved individuality (p. 315) ; (2) its constant presence 
in the intestines of persons suffermg from the disease ; (3) its absence 
from all other cases ; (4) the accidental infection of persons working 
with it; (5) the protective power of Haffkine’s vaccination ; (6) the 
agglutinative properties of the serum of cholera-patients ; and (7) the 
correspondence between the law of its growth and the conditions known 
to exist in cholera-epidemics. 


The Blastomycetes or Yeasts. 


These are small, round or oval cells, which multiply by budding 
(gemmation). Sometimes the cells cohere and form branching chains. 
In some varieties, when food is not abundant, as in the case of potato- 
cultivations, one to four spores may form in the interior of the yeast- 
cells ; in others no spore-formation occurs. On this basis the blastomy- 
cetes are divided into two groups: (1) the Saccharomycetes or true 
yeasts, which form spores, and (2) the Yorule, which do not. The 
spores develop when placed in fermentable fluids. At other times under 
unfavorable conditions unjointed mycelium may be produced. When 
it is remembered that the growth of some higher fungi (e.g., Mucor 
mucedo) under eaceptional circumstances is the same as that of yeasts 
under ordinary circumstances—i. e., by gemmation, it seems possible 
that yeasts may really be vegetable forms of higher fungi. 

Yeasts are of importance chiefly as causes of fermentation. Recently, 
fungi referred to this group have been isolated from certain tumors 
and claimed as the cause of these formations (p. 89). Certain blasto- 
mycetes also give rise to a form of dermatitis. Torulee are common 
in the stomach either alone or in company with sarcine. They are 
frequently found in diabetic ure, but not at the time it is passed, 
being deposited from the air and growing readily in the saccharine 
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fluid. 
Thrush.—In this disease, pale gray patches adherent to the mucous 
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membrane form in the mouth, pharynx, and gullet, either of children at 
the breast or of adults exhausted by wasting diseases (e. g., typhoid 
fever, phthisis). These patches are due to the growth of the oidium 
albicans, a parasite of which the botanical position is doubtful. It is 
generally regarded as a mould; but Grawitz states that, when culti- 
vated, this fungus shows itself to be a yeast, and probably the Myco- 
derma vini, which he has proved capable of growing on mucous 
membranes. The patches consist of tortuous, often branched fila- 
ments, formed of long cells united end to end and distinctly con- 
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Oidium albicans. Cells and spores seen on the surface of epithelium, scraped from an 
“aphthous” patch on an infant’s tongue. X 500. 


stricted where they join. The filaments end in rounded cells, which 
roduce one or more spores: these form heaps in the epithelium 


(Fig. 175). 


The Hyphomycetes or Moulds. 


These consist of filaments (hyphe) formed by a single row of cells 
placed end to end, growing by means of an apical cell which elongates 
and divides transversely. Lateral offshoots are common, but dichoto- 
mous branching is rare. Hyphe may occur singly, but usually they 
are numerous, intertwining loosely or closely so as to form a feltwork 
(mycelium). All spring from an axis or germinal tube which grows 
directly from a germinating spore. Their growth is extremely slow 
compared with that of bacteria (p. 259). A 

In the adult plant the hyphe are of two kinds: (1) the nutritive, 
which grow into, and extract nourishment from, the culture-soil, form- 
ing the mycelium; and (2) the reproductive, which spring from the 
mycelium, and stand up from the substance in which it lies: these are 
called aérial or fruit hyphe. They are simple or branched, and bear at 
their ends spores or sexual organs. Reproduction is either asexual or 
sexual ; the two methods may occur together on the same plant, or may 
alternate regularly or irregularly. In either case spores are formed— 
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round, oval, or cylindrical, smooth or irregular, colored or colorless : 
most are motionless, but some “swarm.” Each consists of a little 
mass of protoplasm, surrounded by an envelope, which is made up of 
an outer (exosporium) and an inner (endosporium) layer : the exosporium 
is often pigmented. All spores have great power of resisting the 
action of physical and chemical agencies, and retain life for long 
periods ; those formed asexually are ready at once to germinate, but 
those due to a sexual process almost always require a rest. The 
latter are the true resting-spores ; but this name is often applied to 
all spores capable of retaining life for long periods in spite of adverse 
conditions. 

To understand the above and what follows, the student should 
examine a few moulds from the surface of thin jam, paste, decaying 
fruit, or the surface of a slice of potato which has been exposed for an 
hour or two in a dwelling-room. In all, the aérial portion is easily 
studied, and the mycelium is readily shown by crushing a bit of the 
culture-ground under a cover-glass. 

Asexual spore-formation occurs in three ways (Fig. 176) : 


Methods of reproduction of hyphomycetes (diagrammatic) A, Penicillium glaucum; B, Euro- 
tium repens, Aspergillus niger (in section); C, Mucor mucedo (in section); D, Conjugation 
(Mucor); Z, E’, sexual reproduction, fertilization (Eurotium); an, antheridium; as, ascus; 
asg, ascogonium ; ¢, columella; cn, conidiophore; f, fruit-bearing hypha; h, hyphe covering 
ascogonium forming perithecium; m, mycelium; pth, perithecium ; sp, spores; spa, sporan- 
gium; sph, sporangiophore; st, sterigmata ; z, zygospore. (After Prantl and Vines.) 


(1) Hyphe spring from the mycelium, and perhaps branch. The 
terminal cells divide transversely into spores (conidia), which either fall 
away singly or form chains. 

(2) A hypha (sporangiophore) stands up from the mycelium, and its 
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end swells into a ball (sporangium) full of protoplasm, which segments 
and forms conidia. 

(3) From the surface of a knob on the end of a hypha (conidiophore), 
peg-like processes (sterigmata) sprout, each sterigma, by growth and 
transverse division, forming a chain of spores. 

Sexual reproduction occurs in the following ways : 

(1) Conjugation—The apical cells of two hyphe meet end to end 
and blend into one cell (zygospore). From this, after a longer or shorter 
rest, a sporangiophore sprouts, and from its spores new plants grow, as 
in Mucor. 

(2) Fertilization —The end of a hypha becomes twisted like a cork- 
screw, more and more closely, until the turns form a continuous tube— 
the ascogonium. From the lower turns spring fine branches, one of 
which (antheridiwm) conjugates by its apex with the ascogonium ; the 
others simply cover the ascogonium continuously, and are converted by 
division into polygonal cells, which form a capsule ( perithecium) round 
it. Many transverse septa form in the tube of the ascogonium, and 
from the cells thus produced flask-shaped lateral projections (asc?) 
develop: in each of these, eight spores generally appear. The peri- 
thecium thins as the asci enlarge, the walls of the asci disappear, and 
an easily ruptured sphere of spores remains. When these germinate 
the endospore swells, splits the exospore, and throws out the germinal 
tube, whence springs the mycelium. 

Conditions of Life. Mood.—Possessed of no chlorophyll, moulds 
are unable to build up carbon-compounds. They assimilate those built 
up by other plants or animals. They are therefore always either 
saprophytes or parasites: in the latter case they may kill their host. 
They require a free supply of oxygen ; but some can obtain it, at least 
for a time, by decomposition of organic compounds like sugar. Thus, 
Mucor racemosus, cultivated on the surface of a saccharine liquid, 
absorbs oxygen, oxidizes some of the sugar, forming carbon dioxide, 
and grows rapidly. If deprived of oxygen, as by immersion, only the 
mycelium grows, and this becomes broken up into short cells, which 
multiply by budding, and much resemble yeast-cells. The growth is 
then much slower, carbon dioxide escapes in bubbles, and alcohol 
appears in the liquid. These changes soon cease, and the process can 
only be started again by a fresh supply of oxygen (Duclaux). Some 
moulds, such as Penicillium glaucum, and Aspergillus niger, have no 
power of thus obtaining oxygen, and die if cut off from the free gas. 
The change in the character of growth above mentioned, accompanying 
changes in conditions of life, has been pointed to as evidence in favor 
of the mutability of bacteria. 

Tight—Many moulds can develop completely without light : some 
require it for the formation of spores and other processes. 

Temperature.—Ziegler states that moulds flourish best at temperatures 
below that of the body, and that some will not grow at all at so high a 
temperature. A few species of aspergillus and mucor grow well be- 
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tween 95° and 105° F. The spores are as resistant to external agencies 
as are those of bacteria. 

Water, or at least dampness, is essential for the growth of moulds. 

Moulds are associated with processes of rotting or decay. The 
peculiar smell and taste which they impart is well known. The pro- 
ducts of their life-action have not been closely investigated, but they 
are neither very poisonous nor very irritating, so far as human tissues 
are concerned. 

Distribution—The spores of moulds are much more numerous in 
the air than are other organisms. They, therefore, constantly fall upon 
the skin and enter the air-passages with air and the food-passages with 
food. As a rule, they find no nidus suitable for their development : 
the supply of free oxygen is often insufficient, and the temperature too 
high. Certain of them, however, when brought into contact with 
accumulated inflammatory discharges, or with sloughs, take root and 
fructify. This is most likely to occur in the nose, mouth, and pharynx. 
They are here saprophytes, but the products to which ‘they g give rise 
may irritate the living tissues lying beneath the parts in w hich they 
grow. Species of mucor and aspergillus are those commonly found 
under these conditions. 

Pathogenic Moulds——Owing to the peculiarities mentioned in their 
life-history, these fungi have but little power of invading living tissues. 
Certain skin-diseases are, however, due to the growth of species of this 
class in epidermic structures : they are (1) Favus ; ; (2) Tinea tonsurans, 
T. kerion, T. cireinata, T. sycosis, T. unguiwm ; (3) Tinea versicolor, and 
(4) Era ythrasma. The fungi causing the diseases actinomycosis and 
mycetoma or Madura foot have been sometimes assigned to this class. 
Their exact position is still undecided, but they are generally regarded 
as forms of streptothrix. Instances of the invasion of living tissues 
by varieties of aspergillus (A. fumigatus, A. niger) are occasionally met 
with. Thus by the growth of the fungus in the lungs a disease is 
produced somewhat resembling tuberculosis in its symptoms ( pneumo- 
m ycosis or asper -gillosis) (p. 832). A form of mucor has been described 
as giving rise to a dermatitis closely resembling scabies (Luck): the 
same fungus was also found in a case of intestinal ulceration compli- 

cated by cerebral abscess (Paltauf’). 

Favus.—The Achorion Schénleinit forms almost the whole of the 
light yellow, mouldy-smelling crusts characteristic of favus. On hairy 
parts —the usual seats of the disease—the hairs are always invaded, 
especially the roots. Here the parasite grows luxuriantly , but it does 
not extend far up the shaft; its primary seat is the epithelium of the 
hair-follicle. On other parts the mycelium invades the deeper layers 
of the epidermis, and may even penetrate to the corium: in this case 
the local irritation will be more marked. The mycelium consists of 
unjointed, branching, confusedly intercrossing tubes ; in certain of them, 
which become divided into joints, oval spores form. 

The nails are very rarely invaded, and then only by mycelium. 

Tinea tonsurans.—The ichophyton tonsurans is generally assumed 
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to be the one parasite common to Tinea tonsurans, Tinea kerion, Tinea 
circinata, Tinea sycosis, and Tinea unguium. Different varieties have 
lately been described. These are distinguished by the size of the spores 
(LT. megalosporon, T. microsporon), their position, either within the hair- 
shaft (endothrix) or outside it (ectothrix) and their culture-results (Sa- 
bouraud). These forms are not found growing together. 

When the hair is affected, the root and the lower part of the shaft 
are crammed with spores, lying in rows between the fibrils of the degen- 
erated hairs, which are opaque and brittle (Fig. 177). It is doubtful 
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Hair-shaft infected with Trichophyton tonsurans. Showing mycelium and spores on surface 
and in substance of hair-shaft. > 250. 


how far the fungus makes its way down between the shaft and the wall 
of the follicle before it penetrates the former. The hair breaks just 
beyond the scalp, leaving a stubbly line of split or twisted ends. Epi- 
dermic scales from the surface of the scalp may contain the fungus, but 
the deeper living cells of the root-sheaths are always free from it (Thin 
and Taylor). Spores are abundant, and oval in shape ; mycelial threads 
are rare. Points worth remembering in connection with the undoubted 
fungoid origin of the disease are (1) its usual limitation to children ; 
(2) its tendency to fasten upon the weakly ; (3) its great contagious- 
ness when acute, diminishing as it becomes chronic ; and (4) its greater 
severity when contracted from animals, as the horse (Trichophyton 
megalosporon). It may excite severe irritation and even suppuration— 
T. kerion. 

Tinea circinata——Here the parasite infests epidermic cells, always 
causing desquamation, sometimes vesiculation, or even more severe 
inflammation. It spreads uniformly from the point at which it first 
takes root, and consequently assumes the form of a gradually enlarging 
circle. The central parts of the fungus die, and the growing edge 
produces a ring of hyperzemia in its neighborhood. Mycelium is pres- 
ent chiefly in the form of very long, jointed and branched threads ; the 
spores are scanty, single, or in short chains. The fungus altogether is 
often scanty, and is especially difficult to detect if it has excited inflam- 
mation. 

Tinea sycosis. (Zrich. megalosporon.)—When attacking the bear, 
the fungus is found chiefly in the hair, but also in the follicle; both 
mycelium and spores are seen, the latter in excess, but not so markedly 
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as in T. tonsurans. The mycelium generally lies round the root of the 
hair, and is pulled out of the sheath with it. Severe inflammation is 
generally excited. 

Tinea unguium.—Mycelial threads of trichophyton may occasionally 
invade a finger-nail, rendering it opaque, thick, and brittle. Unlike the 
effects of a general disease, these changes occur in two or three nails 
only, and the toe-nails are scarcely ever affected. In this situation it is 
extremely difficult to destroy. 

Chloasma, Pityriasis versicolor—The Microsporon furfur invades the 
horny layer of the epidermis of covered parts of the trunk, growing 
more superficially than any of the above, rarely causing irritation and 
not attacking nails or hair. It consists of jointed mycelial threads, 
which are always abundant; and spores, which vary in form, lie in 
groups and grow at the ends of the mycelial threads. It can be easily 
cultivated. 

Erythrasma is a rare disease, due to the growth of the Microsporon 
minutissimum. 


CHAPTER X. 
INFECTIVE DISEASES. 


SEPTICZMIA AND PYZMIA. 


THE diseases known as Sapremia, Septicemia, and Pycemia result 
from the absorption and dissemination throughout the body of organ- 
isms—mainly pyogenic cocci—and their products, usually derived from 
the septic discharge of some wound or focus of suppuration. 

Under Sapremia (Septic Intoxication) are included those forms of sep- 
tic absorption which are due to the introduction of the chemical products 
of the organisms without the organisms themselves ; and under Septi- 
ceemia (Septic Infection) those forms due to the introduction and multi- 
plication of the organisms within the body. Neither of these diseases 
is accompanied by secondary suppuration. Pycemia, on the other hand, 
is a term used to denote those cases of septic absorption which are 
characterized by the presence of septic embolism and abscesses. The 
three conditions are frequently associated. ‘These maladies were formerly 
the chief causes of the mortality in large surgical hospitals, and the 
overcrowding of patients with septic wounds was indirectly the cause 
of these diseases. Almost every case was due to the infection of a pre- 
viously existing wound with organisms conveyed by fingers, instruments, 
dressings, or air. 

1. Sapremia.—The constitutional effects produced by the absorp- 
tion of septic organisms are always due to the toxic effects of their 
products. It is theoretically conceivable (1) that in some cases these 
products may be absorbed without any of the organisms which gave 
rise to them; and (2) that, even if any organisms be simultaneously 
introduced, they may be accompanied by so large a quantity of the 
poisonous products that death will follow before the organisms have 
time to multiply and afford proof of their presence. In both these 
instances symptoms will rapidly follow infection—as in any other case 
of chemical poisoning—and in both the disease will be non-infective, 
that is, the inoculation of another person with small quantities of the 
fluids from the body of an individual suffering from the disease 
(sapreemia) will fail to produce the condition, for there has been no 
time for the multiplication of any organisms simultaneously introduced, 
while the products themselves have no power of self-multiplication, 
If, in the second instance, the patient survive the immediate effect of 
the sapremia, the organisms simultaneously introduced may develop 
and their products give rise to less acute but gradually increasing 
effects precisely similar to those resulting from the introduction into 
the body of a number of septic organisms without any large quantity 
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of their products (septicemia). In this case the organisms, the source 
of the poison, will multiply and become so generally distributed that a 
single drop of blood may suffice to inoculate another patient with the 
disease. 

To produce in an adult death from sapreemia it is probable that 
more than one ounce of putrid serum or pus must be introduced at one 
time. It is obvious, therefore, that this form of septic poisoning can 
occur only where extensive surfaces are open to the absorption of large 
quantities of septic products under considerable pressure. Such con- 
ditions may exist in bad compound fractures, in wounds of large joints 
or of serous cavities, and in the uterus immediately after parturition. 
Any of these may form an extensive culture-ground for organisms, the 
products of which may be rapidly absorbed. It is worthy of note that 
absorption takes place with comparative difficulty from a granulating 
surface ; hence septic intoxication is commoner as an immediate result 
of an operation or injury than at later stages, when granulation-tissue 
has had time to form. Pure sapremia without any septicemia is rare. 

2. Septicemia.—Instances of septicemia apart from an _ initial 
sapremia are more commonly met with. Infection may occur from 
the smallest prick ; no large wound is necessary. The organisms grow 
in the blood, and small numbers can be found when it is examined. 
Many adhere to the endothelium of the capillaries, and by their growth 
and “clumping” form plugs which block the vessels, in some cases 
giving rise to minute hemorrhages and occasionally to miliary abscesses. 
The factors which determine why in one case these organisms produce 
a local abscess and in another blood-poisoning have been already con- 
sidered (p. 172). They depend principally upon the virulence of the or- 
ganisms and the kind of chemotaxis to which they give rise ; but in any 
case the symptoms are due to the chemical products of the organisms. 

The post-mortem changes in Sapremia and Septiceemia are indefinite, 
but practically identical. Decomposition sets in early, owing to the 
organisms present. The lining membrane of vessels and heart is 
often blood-stained from the rapid disintegration of the red corpuscles. 
Minute hemorrhages—probably due to increased permeability of the 
vessels—may be found anywhere; and the spleen is enlarged. The 
bases of the lungs are congested, partly because of the changes in the 
vessels and partly because of the heart-failure which precedes death. 

3. Pyemia.—Pyemia differs from septicemia in that the absorp- 
tion and dissemination of the poison give rise not only to a general 
infective disease, but also to scattered abscesses. This is the distinctive 
pathological characteristic of the disease. It is always accompanied by 
some septicemia. 

The source of infection is usually some suppurating wound ; but 
cases may arise independently of any wound, as seen in acute osteo- 
myelitis, infective endocarditis, and those rare cases of “ spontaneous ”” 
pyzemia in which no primary lesion can be found. In these cases the 
poison has probably entered through some trivial, unobserved lesion in 
the skin or mucous membrane. As in septicemia, it gains access to, 
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and is distributed by, the blood. Any of the pyogenic organisms are 
capable of producing pyzmia, but the Streptococcus pyogenes is the one 
most frequently found (p. 292). 

The secondary abscesses are of two kinds: (1) those which follow 
embolism, and (2) those which occur without any apparent local cause. 

(1) The first kind of abscess is due to septic embolism (p. 218). 
Suppurative phlebitis occurs in a vein connected with a septic wound. 
Thrombosis in the vein follows. The thrombus softens (p. 208), and 
the resulting fragments are carried on in the circulation. These 
become arrested in the pulmonary capillaries, or, if small enough, pass 
through them and are lodged in the kidney or spleen. Wherever 
these infective fragments are arrested, suppuration occurs. Thus, 
suppuration in the middle ear may produce, by direct extension, inflam- 
mation in the wall of the lateral sinus and consequent thrombosis. 
Fragments of the softened clot may be carried to distant parts, and give 
rise to ulcerative endocarditis, and abscesses in the lungs and kidneys. 

Embolic abscesses, due to pysemia, are most frequent in the lungs, 
but may be found in the liver, spleen, kidneys, and brain. They may 
occur in any vascular part. ‘They lie generally upon the surface of 
organs immediately beneath the capsule. They vary in size between 
that of a chestnut and that of a split pea, are usually multiple, and 
may be very numerous. ‘They are surrounded by a hyperemic zone. 
Often more than one organ is affected, and these abscesses may occur 
with others of the second kind. Sometimes the lungs escape, while 
other organs, lying beyond them on the blood-path, are affected. 

Suppurative pylephlebitis or portal pyeemia is a local variety occurring 
as a rare complication of chronic ulceration in any part of the gastro- 
intestinal tract, of suppuration of the gall-bladder, or in the neighbor- 
hood of the portal fissure, or of inflammation of the umbilical vein in 
newly-born infants. It gives rise to small multiple abscesses, often scat- 
tered throughout the liver, but always in connection with branches of 
the portal vein. 

(2) The second kind of abscess is a diffuse suppuration occurring in 
the subcutaneous and intermuscular connective tissue, in the joints and 
in the serous membranes. In these cases the irritant is conveyed to the 
spot by the blood, and lodges there, either because the nidus is suitable, 
or because some capillary embolism has occurred. This form of sup- 
puration may occur alone or be combined with the first variety. 

A disease somewhat similar to pyseemia has been produced in animals 
by the introduction of pyogenic cocci into the blood. 

Besides the abscesses, the following post-mortem changes may be 
found. As in all septic diseases, rigor mortis is feeble and decomposi- 
tion sets in early. Emaciation is generally marked, and the skin yellow 
or jaundiced. Petechize may be present. The wound, if there be one, 
is sloughy, offensive, and perhaps surrounded by diffuse inflammation. 
Thrombi are present in one or more inflamed veins leading from the 
focus of infection, and are undergoing infective puriform softening (see 
Phlebitis) ; the ends of one or more thrombi perhaps project into a 
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large vein in which the circulation is not arrested. The blood is gen- 
erally normal to the naked eye, but microscopically it contains an excess 
of leucocytes. Hypostatie congestion of the lungs is generally present, 
the spleen large and pulpy, and the liver and kidneys show cloudy 
swelling. 


TUBERCULOSIS. 


Tuberculosis is an infective disease due to the growth of the Bacillus 
tuberculosis in the tissues of the body (p. 285). The naked-eye mani- 
festation of the growth of this organism is the formation of small cir- 
cumscribed inflammatory lesions known as “ tubercles.” When these 

are distributed throughout the body, the disease 

Fig. 178. produced runs a rapid course, and is known as 
Be acute general tuberculosis ; when they are limited 

sG° “~ to a special organ or tissue, the disease is of much 

i longer duration, and is termed local tuberculosis 


o 8 


ae | —e. g., tuberculosis of the lungs. A local tuber- 
Ret culosis often serves as a point of origin for general 
. infection (acute general tuberculosis). 
\ 
> Morphology of the Bacillus.—The bacillus 
ct e aeReee is a minute organism, 2 4 to 6 long—two or 
x 1000. three placed end to end being thus equal to the 


diameter of a red blood-corpuscle. It is very 
thin (4 to + of its length), motionless and rounded at the ends. It 
can be easily seen when stained by the Ziehl-Neelsen (p. 279) or by 
Gram’s method (p. 278), and closely resembles leprosy- and smegma- 
bacili. It has generally a beaded 
appearance, clear spots alternating with Fig. 179. 
stained parts (Fig. 178). The bacilli 
are usually straight, but may be curved : 
in the large majority of cases they occur 
singly, but occasionally are found in 
pairs. Multipheation is very slow and 
takes place by fission. 

The organisms can be cultivated on 
media containing glycerine or blood- 
serum and are aérobic. Their growth 
is invariably slow, and it is only after 
some weeks that a culture presents its 
most characteristic appearance. By Bee 
that time the colonies have to the naked ee ce a ae 
eye a heaped-up, scaly appearance, the — anellines. x 500. (After Koch.) 
older parts looking dry and shrivelled 
(Fig. 180). When examined under the microscope the margins of the 
colonies show a peculiar wavy form, due to parallel chains of organisms 
following the same curve (Fig. 178). As the bacilli thrive only at a 
comparatively high temperature (82° I’. to 108° F.), they do not mul- 
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tiply outside the body, but live a wholly parasitic life. They can, how- 
ever, exist outside the body for some weeks, and have even been found 
to retain their virulence after such existence for six weeks in putrid 
sputum, and for six months in the dry state. In putrid fluids they do 
not long hold their own against the rapidly multiplying septic organisms, 
which are better adapted for the ordinary conditions outside the body. 
Their virulence is very constant; nearly two years’ cultivation failed 
to attenuate it (Koch). The bacilli are readily destroyed by boiling 
and by sunlight. Desiccation without ‘sunlight does not destroy them. 
They resist the action of a 1 : 1000 solution of perchloride of mercury 
for some minutes. A 1: 20 solution of carbolic acid acts more rapidly. 


Products of the Bacillus——kKoch concentrated and filtered the 
products of the bacilli, and called the filtrate thus obtained tuberculin. 
When injected into infected animals this substance produces fever and 
a marked local inflammation in the neighborhood of the tuberculous 
foci, leading in many cases to further caseation and dissemination of the 
disease ; but when injected into animals free from tuberculosis it pro- 
duces no effect, save, in some cases, a slight and transient rise of body- 
temperature. The B. tuberculosis produces three classes of poisons : 
(1) a nucleo-albumin or fever-producing substance, (2) a crystalline fatty 
acid (necrotic acid) producing necrosis of the tissues 
with which it is brought into contact, and (3) a Fig. 180. 
direct poison, concerning which little is known. It — 
has been found that the intraperitoneal or intrave- 
nous injection of the dead bacilli will cause the forma- 
tion of tubercles in those organs to which the dead 
organisms are carried. 


Sources of the Bacillus.—In every case of 
tubercular disease the bacilli are introduced from 
without, and are derived directly or indirectly from 
some previous case of the disease in man or animals. 
The two principal sources of bacilli are (1) the sputum 
of persons with tuberculous lungs, and (2) the milk of 
cows with tuberculous udders. 

1. Sputum.—When it is remembered that about 
one-seventh of mankind die of pulmonary tubercu- 
losis, and that, in the majority of cases, the patients, 
for weeks or months, expectorate large quantities of 
bacilli, without any precautions being taken against 
infection, it is clear that there is an ample supply. 
The bacilli, with small particles of mucus, expelled 
by coughing, may be inhaled directly by the healthy ; 
but the sputum which dries upon handkerchiefs, Baia 
bedding, garments, furniture, and the walls and eivderinemeee 
floors of workshops and other rooms, thence to be 
detached as dust, appears to be the most fertile source of infection. 
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2. Milk.—When the disease of the udders is extreme, tubercle-bacilli 
can be found in the milk ; but when the disease is less marked, its infec- 
tive quality can only be shown by inoculation, and, less certainly, by 
feeding. Butter made from infected milk is itself infective. 

Other sources of tubercle-bacilli exist, but they are rare : 

3. The feces and the urine, in cases of tuberculosis of the intestine 
and the genito-urinary tract respectively, and the discharges from tuber- 
culous abscesses and ulcers, are infective. ; 

4, Tubercle-bacilli may be occasionally conveyed in tuberculous meat. 
The muscles themselves are rarely involved, but infected glands may be 
left, or the meat during its removal may be smeared with tuberculous 
material. The surface of meat, however, is generally raised to a tem- 
perature over 100° C. in the process of cooking; and this source of 
infection is, therefore, practically confined to those cases in which glands 
are eaten, or in which raw meat is prescribed in the treatment of dis- 
ease. 

5. Tuberculous parents may infect their offspring during intra- 
uterine development. ‘This possibility will be referred to under the 
next section. 


Modes of Entry.—There are four possible ways in which tubercle- 
bacilli may enter the body : (1) inhalation, (2) feeding, (3) imoculation, 
and (4) in utero from the mother. 

1. Inhalation.—The inhalation of tubercle-bacilli is a frequent cause 
of the disease, especially in adults. This is shown by the frequency 
with which the lungs, and the lungs alone, are involved ; by the readi- 
ness with which animals can be similarly infected, and by the accidental 
death, in one case, from pulmonary tuberculosis, of an assistant engaged 
in such an experiment. It does not follow that all the tubercle-bacilli 
inhaled pass into the tissues. In ordinary respiration they are not carried 
beyond the smaller bronchi, where they may be deposited, and as they 
multiply but slowly, many are expelled by ciliary action and coughing 
before they can seriously injure any spot and effect an entrance. In the 
deep inspiration through the open mouth which follows the expulsion of 
the reserve air in coughing, the bacilli may be carried almost to the 
infundibula, if not to the air-cells, while the existence of pleural adhe- 
sions, or of a badly formed thorax, by limiting the movements of the 
lung will lead to the retention of local secretions. 

Having no power of locomotion, the bacilli must be carried through 
the mucous membrane like the particles of carbon in anthracosis. The 
leucocytes, reaching the surface, may there meet, enclose, and in many 
cases carry back with them the bacilli. If the cells sicken while the 
bacilli survive, the latter may find themselves in some place where they 
can thrive, multiply, and produce their characteristic lesions. In ecatar- 
rhal states many phagocytes reach the inflamed surface, and any bacilli 
that may be present are therefore more likely to be introduced into the 
tissues. Not infrequently the bacilli may lodge and multiply in the 
mucous membrane, and the disease commence as a local tubercular 
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bronchitis. When ‘introduced directly into the alveoli, they may mul- 
tiply and affect the alveolar epithelium and walls chemically without 
first entering them. 

In the same way in children, and less frequently in adults who, 
because of nasal obstruction or habit, breathe through the mouth, the 
bacilli may reach the cervical glands and distant organs through the 
mucous membrane of the mouth and fauces. 

2. Feeding.—Tubercle-bacilli may also enter through the alimen- 
tary tract from infected food. Possibly, in some cases where they 
pass through the mucous membrane of mouth and fauces, as has just 
been stated, they may be derived from the food. In the large majority 
of cases, however, bacilli derived from food enter by the intestine. 

It is often found, especially in children, that no lesion is produced 
by the bacilli at the point of entry, but that marked changes may 
occur in the lymphatic glands or in distant parts; it is also well 
known that marked local changes in the walls of the intestine are ‘ 
more often due to secondary infection from swallowed sputum in the 
case of persons suffering from advanced pulmonary tuberculosis, than 
to primary infection from contaminated food. An explanation of these 
facts is afforded by experiments on animals, for it is found that if 
virulent infective material, containing large numbers of bacilli, is used, 
marked local lesions occur at the seat of invasion, but that if less 
virulent material, containing only small numbers of bacilli, is employed, 
the seat of invasion presents no local lesion, while the neighboring 
lymphatic glands may be largely infected, and the bacilli be carried 
thence to distant parts. Now it is quite certain that the swallowed 
sputum in most cases of advanced pulmonary tuberculosis will contain 
a far larger proportion of bacilli than infected food, and the presence, 
or absence, of local changes at the seat of invasion seems, therefore, to 
vary with the virulence of the infecting material. 

3. Inoculation.—It occasionally happens that a wound, in an other- 
wise healthy person, becomes inoculated with tubercle-bacilli. Nurses 
have been thus infected by broken vessels containing tuberculous 
sputum ; and persons taking part in autopsies on cases of tuberculosis, 
or wearing the ornaments of phthisical relatives, have also contracted 
the disease by the introduction of tuberculous material. In such cases 
the organisms may produce catarrhal inflammations of the skin ; or 
they may cause delay in the natural healing of the wound, and, later 
on, give rise to progressive infection of lymphatics, glands, and distant 
parts. Sometimes, as in the case of the lungs and alimentary tract, the 
bacilli may cause changes in the glands and distant parts without pro- 
ducing any visible lesion at the point of entry. 

The majority of the cases of tuberculosis due to inoculation occur 
secondarily in cases of pulmonary tuberculosis, and are thus comparable 
to the intestinal tuberculosis which results from swallowed sputum. 
Thus, the patient may inoculate an excoriation in the hand from an 
infected handkerchief or pocket. 

4, Infection in Utero—This may occur in cases of tuberculosis 
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of the placenta. The possibility of latent tubercular disease being con- 
veyed through them edium of the ovum or of the spermatozoa will be 
referred to when the influence of heredity is considered. 

There is some difference of opinion as to the principal seat of 
invasion in instances of tuberculosis occurring in young children. — It. 
is often stated that the lungs are not affected in the same proportion as 
they are in later life ; that the disease is not so localized ; and that the 
lymphatic glands are more universally affected. It is also maintained 
that the intestine is the part most often attacked primarily, even in 
those cases in which the patients ultimately succumb from disease of 
the lung. It is certainly sometimes possible to trace the infection from 
an old calcified gland in the mesentery, to the retro-peritoneal, posterior 
mediastinal, and bronchial glands, and thence to the lungs. On the 
other hand, observers generally agree that, in the large majority of 
cases of tuberculosis in children, the bronchial or cervical glands alone 
are caseous—an indication that infection has oecurred by inhalation, or 
through the mucous membrane of the mouth. 


Effects of the Bacillus in the Tissues.—Once deposited in the 
tissues, the bacillus proceeds to multiply, and to produce a special 
lesion which for a long time was considered characteristic, and is known 
as a tubercle (Fig. 181). Each tubercle, as a rule, contains the fol- 
lowing elements : (1) centrally, either one or more multinucleated giant- 
cells, containing tubercle-bacilli (Figs. 182 and 183), or some granular 
débris surrounded by giant-cells ; (2) outside the giant-cells, in most 
cases, large cells with big nuclei and granular protoplasm, called 
epithelioid cells (fibroblasts); and (3) outside these again, a zone of 
leucocytes, which has no definite external or internal limit. The giant- 
cells in slowly developing lesions often send off processes which anasto- 
mose and help to form an open network in the periphery (Fig. 184). 
In the meshes of this reticulum the epithelioid cells and leucocytes lie. 
In other cases the reticulum is less prominent, and, according to many 
observers, it is not infrequently absent. 

A non-vascular nodule of the above structure is the anatomical 
characteristic of tuberculosis, but it is not microscopically distinguish- 
able from the products of other very local chronic inflammations. 
Baumgarten produced typical “tubercles” in a rabbit’s cornea, by 
sticking fine hairs into it. lLaulanie states that, in the lung-disease 
caused in dogs by the Strongylus vasorum, the ova and embryos may be 
seen in giant-cells surrounded by zones of epithelioid cells and leuco- 
cytes. In actinomycosis in animals an exactly similar arrangement of 
cells is found round about the central actinomyces or fungus of the 
disease. More recently Flexner has described similar lesions produced 
in man by a form of streptothrix, and so-called pseudo-tuberculosis in 
rodents has been traced by A. Pfeiffer to a short thick bacillus differing 
in its characters from the tubercle-bacillus. 

Nor can the above structure be said to be constant ; for, especially 
in acute cases, some of the tubercles seem to consist entirely of small 
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Fia. 181. 


Acute tuberculosis of lung. a, a!, a®, a3, recent tubercles, each made up of several giant-cell 
systems, in which the giant-cells are more deeply stained. In the centre of a? marked case- 
ation has oceurred; 0, b!, small bronchial tubes, at one point ulcerated and dilated, with 


engorged vessels (b) ; c, contents of bronchial tube : these consist principally of desquamated 
epithelium and leucocytes ; d, small branch of pulmonary artery. xX 20. 


Fig. 182. 


Fig. 183. 


GO, Pg 


A caseating multinucleated cell from the 
lung in a case of chronic phthisis, 
Showing large number of nuclei, many 


of which are very indistinct. No bacilli 
are shown. X 600. 


Tubercle-bacilli in giant-cell. 


From tuber- 
culosis of horse. X 600. (Cheyne.) 
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Multinucleated and branched cells from a firm gray miliary tubercle of the lung in acase of 
acute tuberculosis. Wide meshes are seen in the immediate vicinity of the cells enclosing a 


few leucocytes. The branched processes are directly continuous with the reticulum of the 
tubercle. X 200. 


Fig. 185. 
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Tuberculosis of the liver. 


8 


From a case of general tuberculosis. he fat is unstained and is rep- 
resented by the pale areas in the periphery of the lobules. a, a, a2, a3, fat in the peripheral 


cells; b, small branch of portal canal; ¢, peritoneal surface; d, d), d®, d3, recent tubercles ; 
é, &, intralobular veins. X 24. 
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round cells—no epithelioid or giant-cells being visible. In the lung the 
alveolar epithelium often enters largely into the constitution of the lesions. 

Each of the smallest tubercles visible to the naked eye consists 
of a group of three or four giant-cell systems of the above structure 
(Fig. 186). Foci thus formed are known as gray, or miliary tubercles 


Fie. 186. 


A giant-cell system, invisible to the naked eye, from the liver of a child, aged five, who died 
from acute tuberculosis. A giant-cell with two groups of nuclei and several bacilli is’seen 
near the centre. Surrounding it is an area of commencing caseation in which the cells are 
becoming indistinct. Enveloping this is a zone consisting of epithelioid cells (fibroblasts) 
and leucocytes. The leucocytes are most numerous on the side where the caseation is most 
advanced. The whole mass is imbedded among granular liver-cells in the interlobular area. 
x 250. 


(gray granulations, Fig. 181). They are grayish, semi-translucent, 
rounded bodies, varying from just visible points to nodules the size of 
a pin’s head, or larger. They are firm and shot-like, distinctly cireum- 
seribed and prominent above the surface of the section. The term 
“yellow tubercles” is applied to foci which are rather larger, less reg- 
ular, less closely defined, and softer than those just described. They 
may even form masses the size of a cherry or small walnut. In some 
cases most of the tubercles present are gray, whilst in others all are 
yellow ; but it is frequently possible, in a single organ, to find tubercles 
showing the different stages in the formation of a yellow from a gray 
nodule. Caseation, commencing centrally, is the main cause of the 
difference between them. A large mass of yellow tubercle is formed, 
not by the continued growth of a single gray tubercle, but by the 
blending of several arising close together and by the caseation of the 
participating gray tubercles and of the intervening inflamed tissue. 
It is often possible to recognize, round a yellow caseous mass, a narrow 
gelatinous zone, consisting of gray tubercles. Gray tubercles may also 
be seen radiating from the caseous focus into the surrounding tissues, 
thus indicating that infection from the central focus leads to the forma- 
tion in its immediate neighborhood of fresh tubercles which, as they 
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enlarge and degenerate, become part of the central mass. A yellow 
mass thus formed is called conglomerate tubercle. 

Sometimes, especially in the lungs, the formation of giant-cell sys- 
tems is followed by more or less acute inflammation in the surrounding 
tissues. This may be so great as largely to mask the tubercles themselves. 


Source of the Cells in Tubercles.— Baumgarten’s conclusions are 
now generally accepted. According to these, the giant-cells and epi- 
thelioid cells are derived from the local tissue-cells, including both epithe- 
lial and connective tissue. Baumgarten, experimenting with albino 
rabbits, introduced pure cultures of tubercle-bacilli into the anterior 
chamber of the eye. In a few days mitotic changes appeared in the 
connective tissue and endothelial cells of the iris. These changes 
were limited to the cells in which bacilli were present. They were 
followed by proliferation of the cells themselves, which gradually 
assumed an epithelioid type. The proliferating patch was then gradu- 
ally invaded by leucocytes, until they quite obscured the epithelioid 
cells. Giant-cells were occasionally present, but only in the later stages ; 
when present, they showed no sign of division but only of degeneration. 

Metschnikoff, on the contrary, maintains that the cells believed by 
Baumgarten to be the progeny of connective tissue are uninuclear 
leucocytes. In the case of the lung he admits that the endothelial 
cells of the bloodvessels take a share in the process, and also attributes 
to them a phagocytic function. In his opinion a tubercle is formed 
by the accumulation of phagocytes and not by the proliferation of any 
form of cell. Giant-cells, according to his view, are phagocytes that 
have combined for the common weal; while to Baumgarten and Koch 
they are single epithelioid cells that have begun to multiply, but, 
though their nuclei have divided and their size has increased, have 
failed at the final stage of cell-division. In parts in which epithelium 
is present, as in the lung, liver, kidney, or testicle, there can be no 
question but that the epithelial cells multiply freely. In a lung affected 
by acute miliary tuberculosis many of the nodules do not contain the 
giant-cell systems above described, but consist of collections of epi- 
thelial cells in the alveoli. Giant and epithelioid cells, formed appar- 
ently from alveolar epithelium, are sometimes present. 


Secondary Changes in Tubercles.—The cells forming a tubercle 
invariably undergo further changes. The principal of these are (1) 
fatty degeneration and caseation, (2) fibrosis, (3) calcification, and (4) 
softening. 

1. Fatty Degeneration and Caseation—These changes are invariable. 
They commence in the centre of the nodule, the multinuclear leucocytes 
being the first tosuccumb. The epithelioid cells degenerate later. The 
central portion of a tubercle, in which caseation is commencing, consists 
of finely granular amorphous débris, containing, toward its periphery, 
shrunken nuclei—the relics of its original cells; not infrequently a 
more or less degenerate giant-cell, containing tubercle-bacilli, may be 
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seen within the margin of the caseated area or in its immediate neigh- 
borhood (Fig. 186). The process of caseation varies much in rapidity. 
It is usually most marked in the larger and more diffused lesions, and 
these are, therefore, as a rule, of a yellow color and soft consistence. 

2. Fibrosis—In other cases the retrograde change may be less 
marked. The central portion undergoes fatty degeneration and is more 
or less completely absorbed, whilst the cells at the periphery are grad- 
ually replaced by a dense, contracting, fibrous capsule. Ultimately a 
mere scar may remain, but small caseous areas are frequently present in 
the midst of the fibrous tissue. 

It will be noticed that this “fibroid change” is simply the encapsu- 
lation of a slightly irritant foreign body, and occurs as readily round a 
bullet or piece of wire lying in the tissues as round tubercular organisms 
in fatty detritus. In both cases it must be regarded as an attempt at 
repair. This replacement of the tuberculous tissue by scar-tissue occurs 
in the smaller lesions and in many of larger size which open upon the 
inner or outer surface of the body, and from which the infective mate- 
rial can be thus discharged. The change obviously tends to protect 
the organism against general infection from the focus in which it occurs, 
and indicates that the tissues have gained the upper hand and have 
imprisoned the bacilli. When complete it is the most favorable change 
that can possibly occur. ; 

Sometimes, especially in cases which have run a chronic course, and 
in which the diagnosis may have been “ chronic bronchitis,” hard, glassy 
bodies, often specked with black pigment, are found in the lung-tissue. 
There is no caseation, and the microscope shows the masses to consist 
of almost hyaline fibrous tissue. This complete fibroid transformation 
is said to occur occasionally in lymphatic glands, and indicates that the 
bacilli are dead. On the other hand, while the caseated material per- 
sists, the focus remains infective, and the organisms, though quiescent, 
are alive. 

3. Calcification may follow caseation if the cheesy products be- 
come encapsuled and almost all the fluid is absorbed ; the deposit of 
lime-salts in this cheese-like material converts it either into a gritty 
mass or into an irregular stony body. Caseous mesenteric glands are 
especially prone to this change. Calcification principally affects very 
old limited lesions. When the calcification is complete, the lesion 
ceases to be infective. 

Sections of the small calcareous particles, when decalcified and 
examined under the microscope, are seen to consist of a series of con- 
centric layers. These layers are composed of a substance which, 
according to Metschnikoff, gives the same reactions as that forming 
the envelopes of the tubercle-bacilli. Arguing from his experiments 
on Algerian rats, he maintains that these layers are formed by degener- 
ative changes in the bacilli within the giant-cells, and that they subse- 
quently become infiltrated with phosphate of calcium. They are, 
therefore, to be regarded as by-products of the struggle between the 
cell and the bacilli. 

22 
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4, Softening. (Chronic Abscess.)—Caseous masses do not always 
dry up and become encapsuled, but often soften and break down into 
the pus of a chronic abscess; and even when they have become 
encapsuled and calcified, softening may occur round about them: a 
chronic abscess forms, and the dead material is discharged. While the 
smaller encapsuled foci, and especially those which lie deep in the 
substance of organs, become dry and calcified, the extensive, diffuse 
lesions, and those lying near a skin or a mucous surface, tend to soften : 
in other words, the less the resistance of the tissues, the greater is the 
tendency to softening. It seems that some irritation of the tissues is 
the cause of the exudation of fluid into the caseous mass, and that 
this exudation changes the latter into a chronic abscess ; for an exami- 
nation of the “pus” of a chronic abscess shows that it consists chiefly 
of fatty granules suspended in fluid, with here and there a fattily 
degenerated granular leucocyte. It is thus quite different microscopi- 
cally from that of an acute abscess (p. 165). It differs also to the 
naked eye, being generally whiter and thinner than true pus, while it 
often contains curdy masses, which may be either gritty or stony from 
calcification. The “pus” of chronic abscess, being thus formed by 
the suspension in an albuminous fluid of fatty particles derived from 
the fatty degeneration of cells, has received the name of “ pathological 
milk.” The large majority of chronic abscesses are of tubercular 
origin. So chronic is the process that there is often no sign of inflam- 
mation until just before the “ abscess” bursts, when the tense skin, 
where it is pointing, becomes red, shiny, and progressively thinner. 
Ultimately the epidermis bursts, and the cavity discharges its contents. 
The wall of such a cavity is lined by a thick layer of pale purplish 
granulation-tissue, in which are yellow foci. This lining is so loosely 
adherent to the surrounding tissues that scraping with a sharp spoon 
easily detaches it, and brings it away either entire or in large pieces. 
The tissues beyond it are not infiltrated. It is very important that this 
lining should be removed from such abscesses, as well as the base of 
any ulcers resulting from their rupture ; for it is in these portions that 
the tubercle-bacilli reside, and healing is impossible until the diseased 
layer with the infecting organisms has been removed and replaced by 
healthy granulation-tissue. The contents of these abscesses are infective, 
and produce general tuberculosis when injected into animals. 

This account of the formation of a chronic abscess holds good in all 
cases—in the subcutaneous tissue (subcutaneous strumous nodule, so com- 
mon in children); in a lymphatic gland (strumous abscess); in the lung, 
where sooner or later it bursts into a bronchus, discharges its contents, 
and forms a cavity or vomica ; in the thickened synovial membrane of 
a tuberculous (serofulous) joint (white swelling); and in bones, as is seen 
in caries of the spine. ‘The chronic abscesses which arise in connection 
with deep bones, especially those of the spine, are frequently called 
gravitation abscesses, because the “pus” often extends long distances 
among the soft parts, usually in the direction toward the feet, before it 
reaches the surface. But extension by no means always occurs in this 
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direction, and, when it does occur, is not arrested by placing the patient 
in the horizontal position. We may therefore conclude that in these, 
as in all other cases, the “pus” spreads in the direction of least resist- 
ance, and that gravity has comparatively little to do with it. Instances 
have been recorded of such an abscess starting from the lower dorsal or 
lumbar vertebre, entering the sheath of the psoas, causing gradual 
absorption of its muscular fibres, working its way beneath Poupart’s 
ligament, taking the course of the profunda artery, passing through the 
adductor magnus into the popliteal space, penetrating between the super- 
ficial and deep posterior leg-muscles, and finally pointing by the inner 
malleolus. Such an abscess is contained in a dense fibrous sheath, 
formed by inflammatory thickening of the natural connective tissue. 
The sheath is sometimes strong enough to be dissected out and dried. 
The cavity is crossed by fibrous bands, which may contain vessels, and 
care must be taken lest a finger introduced during life tear them. The 
inner lining of the wall of the cavity is but slightly vascular—the con- 
trast between the chronic and acute abscess in this respect being very 
marked. It is usually coated with a cheesy deposit of irregular thick- 
ness, outside which lies a very thin layer of granulation-tissue. At the 
upper extremity is the diseased bone—the fons et origo malorum. 


Infection of Other Parts.—1. By Lymphatics.—In this way masses 
of conglomerate tubercle (p. 336) and patches of infiltrating tubercle, 
such as those of the skin (scrofuloderma), are formed. It is supposed 
that leucocytes enter the primary focus, take up bacilli, and wander out 
again along fine lymphatics into the surrounding tissues, there to sicken 
and die not far from the parent mass. A fresh tubercle thus forms and 
caseates, and its margin coalesces with that of the parent mass, which 
in this way gradually enlarges. The young tubercles form the grayish 
translucent ring, with here and there an offshoot, seen round the con- 
glomerate mass. But, occasionally, a leucocyte, containing a bacillus, 
finds its way into a lymphatic, and is carried by the lymph-stream to 
the nearest gland. Thus, the process of infection of mesenteric glands 
from an intestinal ulcer may sometimes be traced by the presence of 
tubercles along the track of the lymphatics. Infection by lymphatics 
is most frequent when there is a marked lesion at the point of entry— 
é. g., in tubercular ulceration of the intestine. Tubercles have been found 
in the thoracic duct in cases of acute tuberculosis: this is evidence that 
the bacilli passed by this channel to the blood. 

The /yinphoid tissue is not only the medium by which the disease 
spreads, it is also the place where the tubercle-bacilli are most actively 
attacked, and where therefore they are most likely to be destroyed. If 
the organisms pass the lymphoid follicles in the mucous membrane, they 
have still to deal with the lymphatic glands beyond. 

A somewhat strained analogy has been drawn between the collec- 
tions of lymphoid tissue distributed along the mucous surfaces and the 
fortified towns which guard a frontier. The lymphoid masses serve as 
garrisons from which leucocytes issue out and deal with any organisms 
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they may chance to meet. Unfortunately the discriminating power of 
the phagocytes is not equal to the occasion, and they sometimes carry 
back bacilli whose subsequent development reminds one of the old story 
of the Trojan Horse. 

2. By some Natural Passage——A sudden inspiration following the 
bursting of a tuberculous focus into a bronchus draws the infective 
material into many of the smaller bronchi, with the result that a 
caseous broncho-pneumonia develops simultaneously in many parts of 
the lung. In the same way the palate may be infected from the 
tongue, the intestine from swallowed sputum, and the lower urinary 
tract from the kidney. 

3. By Bloodvessels—The walls of bloodvessels, especially in the 
lung, may be affected by tuberculosis. The caseating foci may rupture 
into the lumen and the bacilli be carried in the blood-stream to distant 
parts. The thoracic duct may also act as the channel by which the 
bacilli reach the blood-stream. 

In one or more of these different ways the organisms reach the 
blood and are carried all over the body, developing when and where 
the conditions are suitable—in the lungs, meninges, joints, or other parts. 
If the supply of bacilli is plentiful, the case is likely to be acute. 

General Infection—An acute miliary tuberculosis of the meninges, 
lungs, peritoneum, and various abdominal viscera plainly implies that 
a large number of bacilli have found their way within a short space of 
time into the blood: the result is similar to that following the intra- 
venous injection, in rodents, of a syringeful of a pure cultivation of 
the bacilli. As it is inconceivable that bacilli in such numbers could 
be absorbed sc rapidly through a mucous membrane into the blood, 
it is necessary to assume the existence of some primary focus, where 
bacilli have multiplied, and whence they can be poured into the blood- 
stream. The pulmonary mucous membrane being that through which 
bacilli commonly enter the system, it follows that the focus in which 
this multiplication most often occurs, and whence generalization usually 
takes place, is a caseous bronchial gland, though generally there is eyvi- 
dence of tubercular disease of one or both lungs as well. Acute 
miliary tuberculosis may, however, spread from any localized focus 
containing living bacilli. Extension by means of a lymphatic vessel 
leads to the formation of tubercles along this vessel, or in glands 
through which the lymph passes. If the thoracic, or right lymphatic, 
duct be affected, the organisms find their way into the systemic veins. 
They next reach the lungs, and the bacilli are so small that they may 
easily pass through the pulmonary capillaries into those of the systemic 
circulation. 

Limitations of General Infection The term acute general miliary 
tuberculosis has hitherto been used in contradistinction to localized tuber- 
culosis—e. g., a mass of conglomerate tubercle in the brain, or a caseous 
gland. But even a “general” tuberculosis, due apparently to the rapid 
entrance of numbers of organisms into the blood, is far from being 
really general; for while the lungs, spleen, liver, kidneys, and testes 
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are very frequently affected, the voluntary muscles, mammz, ovaries, 
and thyroid gland nearly always escape. Thus a series of regular 
gradations occur, commencing with (1) the most wide-spread miliary 
tuberculosis, and including successively (2) cases of miliary tuberculosis 
limited to the meninges or peritoneum ; (3) cases of multiple infiltrat- 
ing tuberculosis—i. e., tubercle limited to glands, skin, or bones and 
joints ; and finally (4) cases in which a single spot of skin, a single 
joint, or a single gland is affected. 

The selection of special organs in “ general” tuberculosis seems to 
indicate local predisposition on the part of these organs. In this way 
the limitation of the infection to the meninges can be explained. 
There is no reason for assuming that the bacilli are arrested in them 
rather than in other parts. The same explanation appears applicable 
to cases of limited miliary tuberculosis, and may possibly be the reason 
why tubercular meningitis affects the base rather than the convexity 
of the brain. Again, there seems no other explanation to offer of what 
seems to be a well-established clinical fact—viz., that children who 
suffer from multiple lesions of skin, glands, bones, and joints do not 
develop visceral tuberculosis nearly so often as those in whom a single 
joint is affected. 

Next, with regard to the dose of organisms: this may be large or 
small. It may be single, or it may be repeated at longer or shorter 
intervals. The different doses may come from the same or from differ- 
ent foci, giving rise to successive “crops” of tubercles, distinguishable 
after death—the more recent being small and gray, and the older large 
and yellow. When only a few bacilli enter the circulation at one time, 
the infiltrations which they excite reach a far larger size than they 
could possibly attain in the speedily fatal cases of general tuberculosis. 
Many of the cases in which single glands are affected are doubtless due 
to infection from small wounds or tubercular sores, either of the skin 
or of the mucous membrane from which they obtain their lymph- 
supply. But many cases of localized tuberculosis, especially of bones 
and joints, admit of no such explanation: these Koch believed to be 
due to the entry of a single bacillus into the circulation and its lodge- 
ment in the affected part, and considered that in these cases—as in 
those of wide-spread infection—the organism is obtained from some 
primary focus, usually a bronchial gland, whence it has, as it were, 
accidentally slipped by the lymph-path into the blood. He thought it 
highly improbable that even a single organism could pass from an 
alveolus into a capillary of the lung without causing a tubercular focus 
on the way. 

The seat of infection may assist in explaining some peculiarities of 
the disease, and should be borne in mind. 

It is impossible to explain why some tubercular processes remain 
local, whilst others generalize. Blocking of lymphatics, exemption 
of the walls of bloodvessels, feeble local growth of the bacillus, healthy 
resistance on the part of the tissues in general, may afford hypothetical 
explanations. 
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Etiology.—The circumstances leading to infection by the tubercle- 
bacillus far outweigh all other considerations, and these have already 
been described. 

Age and Sex.—The disease is very prevalent during the first two 
years of life. The death-rate then falls, and remains low until about 
the tenth year, when it begins to rise again. The rise begins some 
years earlier in the case of girls than in that of boys, though, when all 
ages are considered together, the sexes are found to be equally affected. 
Tubercular disease is often apparently quiescent during pregnancy, but 
is frequently fatal soon after parturition ; and death from phthisis is 
often attributed to “ childbirth.” 

Heredity.—There is a firm belief in the hereditary nature of tuber- 
culosis, and especially of pulmonary tuberculosis. From the statistical 
point of view the belief probably rests on stronger evidence than has 
yet been adduced, for many cases of tuberculosis die unrecognized, and 
in many others the disease is arrested—neither of these classes appear- 
ing in the statistics. 

Three explanations of the influence of heredity in tuberculosis have 
been put forward : 

(1) It is suggested that all cases are due to infection from the 
outside alone, and that heredity acts either (a) by subjecting the 
individual to more than the average chances of infection, and causing 
him to live in infected rooms with infected persons, and to use infected 
articles ; or (b) by aiding in the development of habits (for example, 
alcoholism) which render him less resistant to invasion. There can be 
but little doubt that this explanation is, in a large number of cases, 
correct, but it certainly is not universally applicable; for, in many 
instances, long intervals elapse between the death of a parent from 
phthisis and the outbreak of the disease in the children; while the 
locality, house, and general surroundings are all different. Further- 
more, it has frequently been noted that, even when the children of a 
phthisical parent are widely separated and living average healthy 
lives under diverse conditions, they still seem especially liable to 
infection. 

2) According to Baumgarten, the solution of this question lies in 
the actual transmission of the bacillus from parent to embryo, and in 
its latent existence in the tissues for many years. According to him, 
infection may occur before or about the time of fertilization; the 
bacilli reaching the uterus from the peritoneum through the Fallopian 
tube, or gaining access with the spermatozoa. The evidence in support 
of this view is derived almost exclusively from experiments on animals. 
Tt seems to be reasonably certain that tubercle-bacilli and some other 
organisms can exist for, at any rate, some weeks in a quiescent. state 
among actively growing cells, and later on multiply and produce their 
usual effects. One of the experiments showing this may be quoted. 
Fertilized hens’ eggs were inoculated with tuberele-bacilli ; the chicks 
were hatched at the ordinary time, and were normal in appearance. 
Three weeks later tuberculosis rapidly developed. There is certainly 
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some reason to believe that tubercle-bacilli may exist for a time in tis- 
sues without producing tubercles. They have been found in the 
apparently healthy testes and prostate in cases of tuberculosis of other 
organs ; while the foetus of a phthisical mother has served to infect 
animals though itself apparently free from disease. But if these organ- 
isms often exist in seminal discharge and thus affect the ovum, it is at 
least curious that tuberculosis of the female generative organs is so 
rare ; nor is it easy to believe that bacilli can lie latent in the body for 
ten or twenty years. Furthermore, this theory in no way explains the 
peculiarities of the disease as regards age or sex, which have been 
already alluded to. The possibility of this form of hereditary influence 
must be decided by further investigations. 

(3) The least definite, but the most probable, explanation is that of 
a possible and varied predisposition of the tissues to tuberculosis (p. 341), 
such as is now generally recognized to exist, in a less degree, in the 
ease of such diseases as typhoid fever and diphtheria. In no other 
way can the objections to the other explanations be met. We have 
no knowledge of what this predisposition consists. A small flat chest 
and a tendency to catarrh are often present in people who ultimately 
develop phthisis; and the absence of free respiratory movements is 
held to favor the development of the bacilli. The recovery of certain 
eases of phthisis is explained on the assumption that the soil which was 
at one time favorable to the growth of the bacillus became at a subse- 
quent period unfavorable; and as tuberculosis is readily arrested in 
some individuals, it is not unreasonable to suppose that in others the 
bacilli are not even able to multiply and give rise to their characteristic 
lesions. It is quite certain that some animals are far more susceptible 
than others to the disease. ; 


Tuberculosis of the Larynx. 


Tuberculosis of the Larynx (Laryngeal Phthisis) is generally 
secondary to tuberculosis of the lungs, and is then due to infection 
from the sputum. It commences as sub-epithelial tubercles, situated 
chiefly in the aryteno-epiglottic folds, on the cords, and on the under 
surface of the epiglottis. These may be few or numerous, and may 
ulcerate early—especially on the cords—or may multiply and form a 
diffuse infiltration, which in the aryteno-epiglottic fold produces a pear- 
shaped swelling with its large end toward its fellow in the mid-line. 
The caseous masses rupture and ulcerate. In this way considerable 
masses of tuberculous graulation-tissue may be formed above the vocal 
cords. Later on, secondary infection with pyogenic cocci may lead to 
abscesses and necrosis of cartilage, to hectic fever, exhaustion and 
death. Tubercular ulcers may sometimes be distinguished from those 
due to syphilis, or to new-growths, by the small amount of new tissue 
in their floor and margins, and by the absence of cicatrices. 

Tubercular ulcers in the trachea are usually small and superficial, and 
als» arise from the breaking down of sub-epithelial tubercles. Occasion- 
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ally they are both deep and extensive, and may be followed by abscesses 
and necrosis of the cartilages. 


Tuberculosis of the Lungs. 


In pulmonary tuberculosis are found the most varied manifestations 
of the growth and action of tubercle-bacilli. 

The infecting organisms may be brought to the lungs (1) by the 
blood, (2) by the lymphatics, and (3) by the air-passages. 

1. Infection by the Blood. (Heematogenous Pulmonary Tuberculosis.) 
—Although in a few cases no primary focus can be found, this form of 
infection must be regarded as secondary to tuberculosis of some other 
part. The bacilli enter the circulation from the rupture of a case- 
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systems, in which the giant-cells are more deeply stained. In the centre of a? marked 
caseation has occurred: b, b!, small bronchial tubes, at one point ulcerated and dilated, with 
engorged vessels (b); c, contents of bronchial tube: these consist principally of desqua- 
mated epithelium and leucocytes; d, small branch of pulmonary artery. > 20. 


ous nodule in some distant artery or vein, or from the lymphatic 
system by way of the thoracic duct, and are arrested in the alveolar 
capillaries. 

When large numbers of bacilli are thus uniformly distributed 
throughout the lungs, innumerable giant-cell systems make their ap- 
pearance in the alveolar walls (Fig. 187). The capillaries in their 
immediate neighborhood are destroyed, and the adjoining alveoli become 
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filled up with desquamated epithelium and leucocytes (Fig. 189). By 
this time the tubercle is spheroidal in shape, and visible to the naked 
eye—gray tubercles being generally composed of two, three, four or 
more giant-cell systems. Enough caseation to give the tuberculous 
nodules a slightly yellowish appearance may, in some instances, follow. 
A little later, the development of fresh giant-cell systems on the borders 
of these yellow tubercles and the inflammatory exudation into the 
alveoli and alveolar walls make them larger and less sharply defined ; 
but in these cases many other organs may be affected simultaneously, 
and death supervene before any marked destruction of tissue takes 
place. The smaller bronchial tubes may be hypersmic and contain an 
excess of mucus, and minute patches of emphysema and collapse may 
be found. When the infection is more limited and the tuberculous foci 
are fewer, life is more prolonged and the usual secondary changes have 
time to occur. Occasionally the infection may be limited to one or 


A portion of a small soft gray tubercle in the lung. From a case of acute general tuberculosis. 
An alveolus is filled with epithelial elements and a few small cells; there is also some cellu- 
lar infiltration of the alveolar wall. 200. 


more terminal arteries. The changes will then be lobular in distribu- 
tion, and the case approximate in its development to one of infection 
through the air-passages, preseutly to be described. 

Pathology.—The differences in the histological characters and devel- 
opment of the lesions in acute miliary tuberculosis of the lung depend 
to some extent upon differences in the age of the nodules, but are mainly 
due to the number and rapidity of growth of the organisms in each 
focus. If the bacilli be numerous and multiply rapidly, the tubercles 
will consist in the main of accumulations of epithelium within the pul- 
monary alveoli, and will rapidly undergo caseation (Fig. 189). If the 
growth of the bacilli be less active, typical “giant-cell systems” will 
form and the nodules will attain a more advanced age ; while degenera- 
tion will be less rapid and complete (Fig. 187). Lastly, if the organ- 
isms be very few and their multiplication slow, as in the least intense 
and most chronic processes, the proliferation of the tissue-cells reaches 
its maximum (Fig. 188), and considerable fibroid induration results. 
Degeneration takes place slowly, and is limited to the central portions 
of the nodule. A close analogy can thus be drawn between the tissue- 
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changes resulting from tuberculosis of the lungs and those which result 
from other chronic inflammatory processes (p. 166). 

2. Infection by the Lymphatics. (Lymphogenous pulmonary tuber- 
culosis.)—Not infrequently, especially in children, tubercle-bacilli may 
reach the bronchial glands by means of the air-passages and bronchial 


Hig. 189: 


A gray tubercle from the lung in a case of acute general tuberculosis. The whole of the 
tubercle, which was surrounded by normal lung, isshown. It consists principally of intra- 
alveolar products. 35. 


lymphatics without producing any local lesion in their track. On rare 
occasions the bronchial glands may also be infected through the dia- 
phragm from the mesenteric. In both cases the substance of the lung 
may be infected from the resulting tuberculous glands. Infection gen- 
erally proceeds in a somewhat radiating manner from the root of the 
lung by means of the lymphatics, and especially by those that lie under 
the pleura. 

It occasionally happens that a local tubercular disease of the lung 
and pleura may follow that of an adjoining rib or vertebra. From such 
a centre the disease may spread in any of the usual ways. 

The nature and progress of the lesions in no way differ from other 
forms of tuberculosis in which the lymphatics are involved. 

3. Infection by the Air-passages. (Pneumatogenous pulmonary tuber- 
culosis.)—This form of pulmonary tuberculosis, commonly known as 
“phthisis,” is almost invariably the result of inhaling tubercle-bacilli 
with the respired air (p. 830). In exceptional cases it may be due to 
the discharge of the contents of a caseous nodule in the larynx, or to 
the rupture of a caseous bronchial gland into a bronchus. Whichever 
be the method of infection, the bacilli find their way into the alveoli, 
and the disease follows the same course; though in cases of ruptured 
bronchial glands, the foci of infection are more numerous, and spread 
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more rapidly, because enormous numbers of bacilli are thereby simul- 
taneously introduced, whereas in the case of ordinary infection probably 
not more than two or three are deposited at a time. 

In adults, the first sign of infection is generally the presence of tuber- 
cular changes in the upper lobe of one of the lungs—more often of the 
left—near the apex. The few tubercle-bacilli which are deposited in 


Pulmonary tuberculosis. Section through upper lobe of right lung, seen from behind. Secon- 
dary infection from lung of opposite side by means of air-passages. The tubercular masses 
are mainly grouped round the smaller bronchial tubes, while the lymphatic glands are only 
slightly involved. A,normal lung; B,smalltubercular nodule; C, larger tubercular nodule; 
D, large mass of tubercle; H, adherent interlobar pleura; F, bronchial glands with pigment. 
x %: 


the bronchioles, alveoli or lymphatics, and which escape destruction, 
multiply and give rise to a number of giant-cell systems, consisting of 
proliferated epithelium and connective tissues with varied proportions 
of leucocytes in the periphery. Ordinary gray tubercles are thus formed 
in the way already described (p. 335). These gradually develop into 
larger nodules with caseous centres (yellow tubercles), or rapidly give 
rise to patches of broncho-pneumonia. If the walls of neighboring 
arterioles become involved and weakened by the formation of tubercles, 
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the vessels may rupture, and minute hemorrhages occur, giving rise to 
the slight hemoptysis which is so frequently met with in early phthisis. 

While these changes have been taking place, a considerable amount 
of fibrous tissue may have developed—an amount sufficient, in some 
instances, to enclose the whole of the diseased area, which gradually 
shrinks until it forms a small cheesy nodule with a thick fibrous envelope, 
or a deeply puckered scar at the extreme apex of the lung without any 
remaining sign of the original caseation. These are the most favorable 
terminations of the infection. Not infrequently, however, while the 
development of fibrous tissue is marked at one part where the disease 
is quiescent it is almost absent at others where progressive infection 1s 
occurring through the medium of the lymphatics. It is generally 
observed that, long before the whole of the upper lobe is involved, 
tubercles make their appearance at the apex of the lower lobe. It is 
sometimes held that this fresh infection is due to the implication of the 
bronchial glands from the original foci, and to the subsequent transmis- 
sion of the bacilli mainly by the subpleural lymphatics ; but it is most 
likely the result of direct infection by the air-passages—the inhaled 
bacilli being derived either from the sputum or from an external source 
similar to that which gave rise to the primary disease. Secondary infec- 
tion will be promoted by forced inspiration, the result of active exercise 
(Fig. 190). 

The subsequent changes are so varied that it is impossible in a short 


Fig. 191. 


Acute phthisis. A transverse section of a terminal bronchus with the surrounding alveoli 
showing the lobulated character of the pulmonary consolidation. a, Thickened and inflamed 
bronchial wall; b, cavity of bronchus containing a little mucus; ¢, alveoli filled with catar- 
rhal products; d, remnants of obliterated alveoli and alveolar contents, which have under- 
gone caseation; e,e’, inflammation spreading to alveoli; J, thickened alveolar walls. x 25. 


description to include all the possible appearances to which the disease 
may give rise. The spread of the original foci involves large tracts 
of tissue, and the intervening parts of the lung, which are at first un- 
altered, become invaded either by tubercular nodules or by ill-defined, 


TUBERCULOSIS. 349 


seattered broncho-pneumonic patches which spread and in many places 
become confluent. If various consolidated portions of a phthisical lung 
be examined microscopically it will be found that, excluding those parts 
which obviously consist of large areas of caseating or fibroid tissue, the 
following changes can in most cases be made out: (1) An accumulation 
of epithelial or other cells within many of the alveoli; (2) a cellular 
infiltration and consequent thickening of the alveolar walls, together 


An alveolus from a small soft gray tubercle inthe lung. From a case of acute tuberculosis. The 
alveolus is filled with epithelial elements and a few small cells; there is also some cellular 
infiltration of the alveolar wall. X 200. 


with a similar change in the walls of the terminal bronchioles ; and 
(3) an increase in the interlobular connective tissue. These changes 
are generally associated, although some of them are more prominent 


Fig. 193. 


Acute phthisis. Showing one of the alveoli filled with degenerating epithelial elements, and 
marked cell-infiltration of the alyeolar wall. X 200. 


and characteristic than others. The special prominence of any one of 
them helps to produce those variations in the physical characters of the 
lungs which are met with in the different stages and in the different 
varieties of the diseasc. 

1. An Accumulation of Cells within the Alveoli.—This is one of the 
most frequent changes met with in phthisis, and is precisely similar to 
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that which will be described as occurring in other varieties of broncho- 
pneumonia. The alveoli are generally found filled with the offspring 
of the epithelial cells which normally line the alveolar walls (Fig. 192). 
In some acute cases of phthisis, this alveolar accumulation may at first 
constitute almost the only morbid change, and although there is always 
some cell-infiltration of the alveolar walls, the great bulk of the pul- 
monary consolidation is due to the distension of the alveolar cavities 
with catarrhal products (Fig. 194). In some parts—those in which 


Fia. 194. 


Section of lung from a case of acute phthisis, in which the consolidation consists almost ex- 
clusively of products accumulated within the alveoli. In some parts a free space is seen 
between the alveolar walls and their contents; this is due simply to the shrinking of the 
latter caused by the hardening of the specimen. X 50. 


the change is the most recent—the alveolar walls and the large cells 
which fill the alveoli are but little altered, but in the greater portion 
of the consolidated tissue the cells are seen in various stages of 
degeneration (Fig. 193) and the alveolar walls are destroyed ; whilst 
in those tracts of tissue in which the process is most advanced all 
trace of structure is lost, and nothing remains but the granular débris 
seen in caseated tissues. These changes are precisely similar to those 
met with in the larger nodular lesions of acute general tuberculosis 
(Fig. 195). 

Less frequently the contents of the alveoli are similar to those met 
with in ordinary croupous pneumonia (Fig. 196), but they are usually 
associated with more or less epithelial proliferation. 

The naked-eye appearances presented by the lungs, in those cases in 
which the pulmonary consolidation is chiefly due to ztra-alveolar 
changes, are very characteristic, partly on account of their distribution, 
but mainly because of the rapid degeneration and caseation which they, 
together with the alveolar walls, undergo. The consolidation, although 
sometimes almost uniform, generally presents a somewhat lobulated 
outline, indicating the implication of different groups of the pulmonary 
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lobules. The consolidated tissue is soft and friable, breaking down 


very readily under the finger, and there is complete absence of any 
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A gray tubercle from the lung in a case of acute general tuberculosis. The whole of the 
tubercle, which was surrounded by normal lung, is shown. It consists principally of intra- 
alveolar products. X 36. 


induration. The color varies from a reddish- to a yellowish-gray, while 
small portions of a more decidedly yellow tint are often scattered 


Acute phthisis. Showing one of the alveoli filled with fibrinous exudation and leucocytes, and 
some cellular infiltration of the alveolar wall. » 200. 


through the consolidated mass, These scattered areas correspond with 
the parts in which the retrogressive changes are the most advanced, and 
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they are even softer in consistence than the surrounding tissue. In 
many parts the consolidated and caseated tissue will be found broken 
down, so as to form sinuous cavities of various sizes. These possess 
irregular walls, which are soft and friable, like the consolidated lung 
surrounding them. 

2. A Cellular Infiltration and Thickening of the Alveolar Walls, and, 
in most Cases, of the Walls of the Terminal Bronchioles.—This is a fre- 
quent change, especially when the progress of the disease is somewhat 
slow and the consistence of the consolidated tissue firm. In its earlier 
stages a few small cells are seen infiltrating the alveolar septa, which 
are thus slightly thickened (Figs. 193 and 196). As the change pro- 
ceeds the number of these cells increases, and from them an imperfect 
fibro-cellular structure is developed (Fig. 197). As the new tissue 


Fia. 197. 


Section of lung from a case of somewhat chronic phthisis. Showing the thickening of the 
alveolar walls by the formation of epithelioid cells, and an accumulation of epithelial cells 
within the alveolar cavity. The latter are undergoing fatty changes. 200. 


develops in the alveolar walls it gradually obliterates and replaces the 
alveolar cavities, so that, whilst in some portions the thick-walled 
alveoli may be found still containing epithelial elements, exudation- 
products, or even giant-cells, in others large tracts will be seen, consist- 
ing almost entirely of the small-celled growth. The development of 
this new tissue in the alveolar walls is attended by obliteration of the 
pulmonary capillaries, thus assisting the action of the bacilli in the 
production of the subsequent caseation (p. 329). 

The changes which may subsequently take place in this alveolar 
growth vary. The infiltrated septa may rapidly caseate before any 
marked thickening or development of new tissue has had time to 
occur, whilst in other less acute cases there is a considerable develop- 
ment of the imperfect fibro-cellular tissue. Yet, although this may 
remain as a more or less permanent structure, it usually undergoes in 
its turn similar caseation. These two kinds of change are often found 
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simultaneously in the alveolar walls of different parts of the same lung. 
In those portions in which the new tissue is undergoing degeneration it 
becomes converted into a structureless granular débris, any cells which 
may be contained within the alveoli meeting with a similar fate ; whilst, 
in the immediate vicinity of these degenerated portions, a more perma- 
nent fibrous structure may be found. 

Respecting the naked-eye changes which the growth of this small- 
celled tissue produces in the lungs, it may be stated generally that it 
usually leads to some induration of the pulmonary tissue. The extent 
of this induration will vary according to the characters of the new tissue. 
If the tissue remain almost entirely cellular—as is the case when it is 
very rapidly formed, and when new vessels do not develop——it will 
produce little or no induration of the consolidated area; and this con- 
solidation, consisting mainly of degenerating cells both in the walls and 
cavities of the alveoli, will be soft and friable in consistence, much 
resembling that already described. When, on the other hand, as is 
more frequently the case, there is any considerable development of 
fibrous tissue; when the reticulum is dense and abundant; and when 
vessels develop and persist, there will be a corresponding induration of 
the consolidated tissue. In many cases these changes produce uniform 
tracts of indurated consolidation of a grayish color mottled with black 
pigment. Scattered here and there among them may be seen yellowish 
patches corresponding to the portions which have undergone retrogres- 
sive fatty changes. 

3. An Increase in the Interlobular Connective Tissue-—This is met 
with, to a greater or less extent, in all the more chronic forms of 
phthisis. This tissue, which surrounds the bronchi and bloodvessels, 
and contributes to the formation of the alveoli, is found not only in- 
creased in amount, but also altered in character. Its structure is like 
that met with as the result of proliferative inflammation in other organs 
(Fig. 198). It has a much greater tendency to develop into a perma- 
nent fibrous tissue than has the interalveolar growth, and it is rarely 
the seat of those retrograde changes which are so frequent in the tissue 
originating in the alveolar walls. Intermingled with this new fibrous 
tissue are granules of black pigment. These differences in the structure 
and termination of the interalyeolar and interlobular growths are 
accompanied by corresponding differences in their vascular supply. 
Whereas in the interalveolar growth the pulmonary capillaries become 
obliterated and new vessels are rarely formed, or, if formed, are often 
subsequently destroyed ; in the interlobular growth the new vessels 
formed generally persist. In the most chronic cases of phthisis this 
interlobular fibrous growth may constitute the predominant structural 
change, and large portions of the lung may be found completely re- 
placed by it. 

An increase in the interlobular connective tissue in phthisis— 
inasmuch as the new tissue tends to become dense and fibrous—leads 
to extensive induration of the pulmonary tissue ; and further, owing to 
the contraction which the new tissue undergoes, its growth ultimately 
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produces a corresponding contraction of the diseased lung. In all those 
cases of phthisis in which there is either a marked thickening of the 
alveolar walls or an increase in the interlobular connective tissue, any 
cavities which may exist in the consolidated and indurated tissue are 
characterized by the tough fibroid structure and the smoothness of their 


Fic. 198. 


Chronic phthisis. Showing the new interlobular fibrous growth surrounding and encapsulating 
a degenerated and caseous portion of the consolidated lung. 25. 


walls. These present a marked contrast to the soft friable tissue sur- 
rounding the cavities in cases where the pulmonary consolidation is due 
mainly to intra-alveolar changes. 

Changes in the Bronchi—Sometimes the walls of the bronchi are 
directly invaded by the bacilli. In other cases only bronchial catarrh 
is present. The catarrh is sometimes general, but much more com- 
monly it is limited, and more strictly confined to such portions of the 
lung as are becoming, or have already become, consolidated. In many 
cases there is a marked tendency of this bronchial catarrh to lead to 
extensive cell-infiltration of the deeper structures of the bronchial wall 
(Fig. 199). This cell-infiltration sometimes leads to the production of 
small ulcers. These have thickened opaque edges, and when once 
formed they tend to increase. In addition to these changes in the 
bronchial mucous membrane there is often a cellular infiltration of the 
peribronchial tissue, and here tubercles are often met with, especially 
round the smallest bronchi. In very chronic phthisis, bronchiectasis 
may occur (see Chap. XI.). 

Changes in the Arteries——Bands of fibrous tissue frequently extend 
from side to side across a large cavity. These were formerly supposed 
to contain large arteries, but in all probability this is seldom the case. 
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When an artery traverses a newly formed cavity it may happen that 
inflammation of the walls leads to thrombosis and subsequent oblitera- 
tion of the lumen, before the advancing disease can destroy its walls 
and give rise to hemorrhage. Occasionally, in the case of a small 
cavity, an artery may be weakened at one spot by the partial softening 
and yielding of its walls owing to tubercles formed in them, and an 
aneurism result before any thrombosis has occurred. Such an aneurism 


Fig. 199. 


Tubercular inflammation ofa bronchus. Section of a small bronchus of a child, who died from 
miliary tuberculosis. The deeper structures of the bronchial wall are seen to be extensively 
infiltrated with cells, mainly of the epithelioid type. The infiltration extends to and in- 
vades the walls of the adjacent alveoli, which are seen at the upper part of the drawing. 
The cavity of the bronchus contains a little mucus, m. 100. 


may fill the cavity and for a time increase pari passu with it. Before 
the aneurism has attained a diameter of an inch it will in all proba- 
bility rupture: severe hemorrhage may thus result, and may be fatal, 
either from asphyxia, due to inhalation of a large quantity of blood 
into the air-passages, or more often from syncope, due to the great loss 
of blood. Tubercular arteritis may also lead to general infection and 
to death from general tuberculosis. 

Summary.—To sum up, in the most acute forms of phthisis the prin- 
cipal lesion is an infective tubercular broncho-pneumonia, in which the 
affected parts tend to undergo caseation, and in which giant-cell systems 
play but a small part. The centres of the caseated portions liquefy and 
may be discharged as sputum by the air-passages ; thus small sinuous 
cavities are formed. When the change is more local and less acute, the 
caseated areas and the resulting cavities are often larger in size, but more 
limited in distribution. If the progress is still more gradual, fibrosis— 
an indication of repair—gives rise to induration in the consolidated tis- 
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sue, limits the spread of the cavity, and by its further development and 
contraction may lead to a practical healing of the diseased tissue. It 
must, however, be remembered that, unless all the tuberculous foci 
undergo complete fibrosis, there is always the possibility of secondary 
infection, for the presence of the caseated material is evidence of the 
continued existence of the bacilli. Two varieties of cavity have already 
been described, and these may be taken as types. Many intermediate 
varieties will, however, be met with even in the same lung. Thus an 
old cavity may open into a bronchus and give rise to extensive infection 
of-a neighboring part, in which soft-walled cavities may be rapidly 
formed. In some of the consolidated tissue surrounding these, fibrosis 
may gradually occur, and thus may be produced cavities with walls 
showing every form of gradation between the two types previously 
mentioned. 


Etiology.—Most of the questions concerning the cause of tuber- 
culosis of the lung have been considered in the section on General Tuber- 
culosis (p. 342). It only remains to inquire why the apex of the lung 
is so frequently the earliest seat of the disease, especially in those cases 
in which the infection arises from inhalation. The causes are probably 
to be sought for in the diminished range of respiratory movement which 
- obtains in the highest portions of the lungs. As a result of this dimin- 
ished movement there is diminished aération of blood, and, in certain 
conditions of health, a tendency to stagnation of the blood-stream in the 
capillaries. The stagnation of the circulation may lead to more or less 
injury of the walls of the vessels, and the growth of any tubercle-bacilli 
that may have gained entrance may be thereby favored. 

It is obvious that any inherited or acquired weakness must assist in 
the occurrence of these apical changes. General feebleness and want of 
vigor lead to loss of muscular strength and weakness of the heart, and 
thus tend to prevent the full expansion of the chest, to cause a stooping 
posture of the body, and to impair the blood and _air-circulation—all 
conditions favoring blood-stagnation in the highest portions of the lungs. 
Further, the success attributed to residence in a rarefied atmosphere is 
probably dependent on the increased rhythmical expansion of the lungs. 


Tuberculosis of the Pia Mater and Brain. 


In the pia mater the tubercular process is associated with inflamma- 
tion of the meninges and superficial parts of the brain, and is known 
_as tubercular meningitis, or, more accurately, meningo-encephalitis. This 

is almost invariably the result of infection from a distant focus, though 
it may occasionally be due to extension from some tuberculous bone of 
the cranium. 

The process is most marked at the base of the brain, and the gray 
tubercles—which may easily escape observation—are seen in connection 
with the small arteries in the Sylvian and longitudinal fissures, and 
are for the most part deeply seated between the convolutions. A few 


TUBERCULOSIS. 307 


scattered gray granulations are frequently visible on the upper surface 
of the hemispheres. The tubercles may be best seen by stripping off 
a piece of membrane containing a Sylvian artery and its branches, 
spreading it out in water on a glass plate, and then examining it over a 
dark background (Fig. 200). The tubercles originate at those points 
in the walls of the small arteries of the pia mater where the bacilli 


Fra, 200. 
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Tubercular meningitis. View of pia mater from the visceral side. a, a’, tubercles—single and 
aggregated; b, b’, folds of pia mater dipping between conyolutions; bd’ to d, line of Sylvian 
fissure; c, dense mass of tubercles; d, single tubercles—many of these ean be seen situated 
on the vessels which form a network over the individual convolutions. Natural size. 


conveyed in the circulation happen to be arrested (Fig. 201). Thus, 
by the usual process of proliferation and infiltration, commencing at 
several centres, numerous small gray nodules are produced around the 
vessels and in the adjacent and surrounding lymphatics (p. 336). The 
tubercles thus formed rapidly caseate, though death usually occurs 
before this process is very advanced. 

Thrombosis may occur in the affected vessels, or these may rupture, 
causing minute extravasations of blood. <A fibrinous inflammatory ex- 
udation takes place, and the meshes of the pia mater become infiltrated 
with a serofibrinous or puriform liquid, which tends to collect in the 
grooves between the convolutions, especially at the base of the brain. 
The subarachnoid fluid is turbid and increased in quantity, while the 
pressure within the dura mater rises steadily. 

These changes in the pia mater at the base of the brain are attended 
by hyperzemia, infiltration with leucocytes and fluid, and slight soften- 
ing of the subjacent cortical substance, accounting for the early delirium 
and hyperesthesia of the special senses. The ependyma and choroid 
plexus also become hyperzemic, and may be covered with inflammatory 
exudation ; while the walls of the ventricles, the fornix, and the soft 
commissure, soften. The lateral ventricles become progressively dis- 
tendec with fluid (acute hydrocephalus), so that the convolutions on the 
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surface of the hemispheres are found pressed against the skull and 
flattened. It is uncertain how far this fluid is due to local inflammatory 
exudation, and how far to dropsy, since the exudation generally causes 
marked pressure upon the veins of Galen near their entry into the 
straight sinus. All trace of fluid is driven from the subdural space, 
and the arachnoid is dry and sticky. 


Fig. 201. 


Tuberculosis of pia mater. Showing a wedge-shaped tubercle, with inflammation of pia mater, 
and cellular infiltration of cerebral cortex. a, a’, giant-cells; b, 0’, arteries in pia mater: 
c, caseating patch at centre of tubercle (d); e, eruption of cells from pia mater, marking 
commencement of another tubercle; f, fold of pia mater between conyolutions. 26. 


Insensibility deepening into coma precedes death. This is due to 
the direct effect of the rise in intracranial pressure on the cells of the 
cerebral centres, and to the injury caused by the inflammatory process 
to which they are subjected. 

Tuberculous Masses in the Brain—Large masses of conglomerate 
tubercle (p. 336) are occasionally met with in the brain, unassociated 
at first with any general tubercular process. They are due to the local 
growth of one or more tubercle-bacilli carried to, and arrested in, one 
of the small terminal arteries. No bacilli are conveyed from this focus 
to any distant point and the growth remains a strictly local one. The 
masses, which vary in size from a pea to a hazel-nut or even to a hen’s 
eg, commonly occur in the cerebral substance, especially at the base of 

4 3 : 
the brain. They are of a pale yellow color and firm consistence, and 
usually form round globular tumors. Their surface is often seen to be 
covered with minute gray nodules, which extend into the surrounding 
tissue ; and, on section, similar nodules are sometimes visible, scattered 
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through the substance of the tumor. In most cases only one or two 
such masses are found, but occasionally they are more numerous. They 
oceur especially in childhood. Near the edge, where the structure of 
the tubercles is recognizable and typical, compressed or obliterated blood- 
vessels may be seen. These masses are infective, and not infrequently 
lead, after an interval of some months or years, to tubercular meningitis 
or to general miliary tuberculosis. 


Tuberculosis of Lymphatic Glands. 


In the lymphatic glands, tubercular processes first give rise to changes 
in the cortical portions, inasmuch as it is to these that the infective 
material, brought by the lymphatic ves- 
sels, is first conveyed (Fig. 202). In Fra. 202. 
the earlier stage of the process small 
pale gray nodules are often visible 
seattered through the cortex. They 
gradually increase in size and become 
easeous. The gland meanwhile en- 
larges from the addition to its sub- 
stance of these “tubercles,” which 
gradually spread in along the lymph- 
sinuses to the medullary portion. 

By this time the distinction between 
ine medullary and cortical portions is — Tbeteulosis of 2 lymphatic gland. The 

- a 2 c earliest stage of the process, showing 
lost, in consequence of the infiltration the gianteell. 200. 
and filling up of the lymph-sinuses. A 
section at this stage presents a grayish homogeneous surface, on which 
are patches of caseous material. Fibroid changes frequently follow, 
and the capsule thickens, so that the caseous masses may become sur- 
rounded by dense fibrous tissue. The whole gland, especially in chil- 
dren, may be rapidly converted into a caseous mass. The caseous 
portions may subsequently soften, dry up, or ealcify (p. 336). 

Sometimes no “tubercles” are visible to the naked eye, though a 
section in the early stage has a pulpy, swollen appearance, and may be 
distinctly more vascular than normal. Microscopically, small foci, 
consisting of epithelioid cells surrounded by leucocytes, are found. 
These may persist unchanged for some years and then disappear, or 
caseation and fibroid changes may ultimately supervene. 

As before stated, the affection of lymphatic glands is, in most cases, 
secondary to a tubercular inflammation in the area whence they draw 
their lymph ; but sometimes it appears to be primary, bacilli haying 
entered through the mucous membrane or skin without exciting any 
inflammation at the seat of invasion. The glands most commonly 
affected are the cervical, bronchial, and mesenteric. 
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Tuberculosis of the Alimentary Tract. 


The alimentary tract is a common seat of tuberculosis ; it is, more- 
over, extremely probable that some catarrhal affections of the tonsils 
and pharynx, of the Eustachian tube and middle ear, as well as of the 
intestine, are due to the growth of tubercle-bacilli. 

Tubercular ulceration or fissure of the lip, usually with marked 
thickening, is not uncommon in children and young adults. On the 
tongue and pharynx tubercular ulceration is rare, and is usually secon- 
dary—at least in point of time—to pulmonary tuberculosis. The occur- 
rence of tubercles in the cesophagus and stomach is very rare, but cases 
have been described. The course and appearances (microscopic and 
naked-eye) of all these ulcers are the same. They will be described in 


Fig. 208. 


Tuberculosis of intestine. a, Tubercles projecting from the floor of a tubercular ulcer; 
b, slightly thickened edge of ulcer; c, ulceration of solitary lymphoid follicles. Natural 
size. 


the next section, as the intestine is the part of the alimentary tract in 
which they are most frequently found. 

Tuberculosis of Intestine —Primary tuberculosis of the intestine is 
rare in adults. It is probably caused by infection from tubercu- 
lous milk or meat. Secondary infection of the intestine occurs in 
from’ half to two-thirds of the fatal cases of phthisis, and is caused 
by swallowed tuberculous sputum. The small and the large intestine 
are said to be affected with about equal frequency, and both are gen- 
erally involved. The morbid process begins in the solitary (Fig. 203) 
and agminated follicles (Fig. 204), and is most marked where these are 
most numerous, namely, at the lower end of the ileum and in the 
cecum ; but any part may be affected (p. 330). 

The first stage of the process consists in the appearance of tubercles 
in some solitary glands and in certain follicles (not all) of some Peyer’s 
patches. The affected lymphoid tissue swells, and therefore projects 
above the surface. The new elements, consisting largely of leucocytes, 
then undergo fatty changes and soften. The degeneration in Peyer’s 
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patches, commencing at a number of separate centres, is followed by 
a patchy ulceration of the mucous membrane ; and the process extends 


Fia. 204. 


Tubercular ulceration of ileum (interior). Two ulcers with long axes at right angles to that 
ofintestine. a, a’, thickened shelving walls of ulcers, containing tubercles ; b, b’, roughened 
floor, with tubercular nodules and small sloughs; ¢, ¢’, outlying thickening due to tuber- 
cular infiltration; d,a mass of recent gray tubercles around a vessel e”; e, e’, e’’, dilated 
vessels in neighborhood of large ulcer. Natural size. 


by the development and subsequent breaking down of fresh tubercles 
at the margin, until a considerable part of the patch is destroyed. As 


Fig. 205. 


Tubercular ulceration of ileum (exterior). a, floor and walls of ulcer as seen on peritoneal 
side; b, outlying tubercular infiltration; c, subperitoneal vessels. Natural size, 


the result of these changes an ulcerated surface is produced, the floor 
and «dges of which are more or less thickened, owing to the produc- 
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tion of tubercles in the surrounding tissues (Fig. 204). In the floor of 
the ulcer, formed usually by the submucous, sometimes by the muscular, 
and rarely by the peritoneal coat, small tubercles are developed, prin- 
cipally in connection with the bloodvessels and lymphatics, and as 
these are arranged transversely around the intestine, the infiltration 
proceeds in the same direction. These nodules also soften and become 
caseous, and thus the process of ulceration gradually extends trans- 
versely until a complete ring of the mucous membrane may be destroyed 
(annular ulcer). The presence of tubercles on the peritoneal surface, 
together with the dilatation of the neighboring vessels, may reveal the 
position of the ulcers before the bowel is opened (Fig. 205). By the 
blending of adjacent ulcers the mucous membrane is cut up into irreg- 
ular patches; and, in extensive cases, only a few islets and bands are 
left in wide areas of the bowel. The ulcers thus produced (Fig. 206) 
present a strong contrast to those of typhoid fever (Fig. 207). Tubercle- 
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AACA TT ---~-< 
A tubercular ulcer of the intestine (diagram- A typhoid ulcer of the intestine (diagram- 
matic). a, mucous membrane; b,submucous matic), showing the undermined edges of 
tissue; c, muscular coat; d, peritoneum the uleer and the slough still adherent. 


a, mucous membrane; b, submucous tissue ; 
c, muscular coat; d, peritoneum. 


bacilli are usually numerous and may be recognized in the stools by 
suitable staining. 

Tubercular ulcers rarely, if ever, heal; but an ulcer may heal at 
one place, while it spreads at another, and the contraction of any 
resulting scar-tissue leads to marked stricture of the gut, and occa- 
sionally to complete obstruction. Owing to the thickening of the 
tissues at its base, perforation is an exceptional occurrence. This may 
take place into a neighboring viscus to which the ulcer has become 
adherent, or into the peritoneal cavity. 

The lymphatic glands in connection with tubercular ulcers are 
generally affected. The lacteals leading from the ulcers, and even the 
thoracic duct itself, may be irregularly swollen by tubercles in their 
walls. 

Tubercular disease of the peritoneum is considered in the chapter 
on Inflammation of Serous Membranes (p. 410). 


Tuberculosis of Bones and Joints. 


These parts may be conveniently taken together, as tubercular dis- 
ease of a joint is frequently secondary to similar disease of a bone, and 
vice versd. The primary disease is, of course, due to infection through 
the blood ; the secondary, to extension from the primary focus. 

In cases of acute general tuberculosis, both bones and joints may be 
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the seats of miliary tubercles. In bones, the tubercles are found chiefly 
in cancellous parts ; in joints, in the synovial and subsynovial tissues. 
They present no peculiarities and cause no local symptoms. It is said 
that miliary tubercles may be scattered through a bone without any 
general tuberculosis being present ; and certainly multiple foci are not 
uncommon in the synovial membrane of a single joint. 

Tubercular Periostitis and Osteomyelitis.—Periostitis and osteomye- 
litis, when due to “ tubercle,” often coexist, as when caused by other 
irritants. Periostitis cannot exist without a superficial osteitis ; but the 
converse is not true, for a deep bony focus of tubercular inflammation 
may be present without any obvious involvement of the periosteum. 

Seats—Among the bones which are affected primarily are the 
bodies of the vertebree, the ends of the long bones, the bones of the 
carpus and tarsus, the phalanges, and less often the metacarpal and 
metatarsal bones and the ribs. The shafts of the typical long bones are 
rarely affected by tubercular processes. The same may be said of the 
cranial bones ; but certain bones of the face not uncommonly suffer. 

The tubercular process more often starts in the bone than in the 
periosteum. Periosteal changes occasionally predominate in the case 
of the ribs, phalanges, and bodies of the vertebrae: when this is the 
case, early abscess almost always leads to their recognition. But in 
the vertebre, and probably in the phalanges, primary central changes 
are much the commoner. 

Morbid Changes.—Bacilli are deposited at a certain spot, e. g., in 
an epiphysis. Miliary tubercles next develop: a group of these be- 
comes surrounded by a mass of granulation-tissue ; and this again, in 
cases which are not progressing rapidly, and where irritation is not 
intense, by a zone of fibrous tissue. In this outer zone it is common 
to find the bony trabeculee becoming thicker at the expense of the 
spaces—i. ¢., the bone becoming sclerosed ; more centrally, in the area 
of greater irritation, the trabecule are undergoing absorption (p. 392). 

Bacilli carried from the primary focus cause infection of the sur- 
rounding tissue and the formation of tubercles in the granulation- 
tissue zone. As these increase in number they gradually blend with 
the parent mass, which meanwhile has probably undergone caseation. 
The granulation-zone in the meantime extends into and replaces the 
zone of fibrous tissue and of bony sclerosis, which in its turn re appears 
still farther from the centre. Thus the process spreads—now quickly, 
now slowly. Cure may be effected by the encapsulation of the caseous 
masses in fibrous tissue. This is sometimes followed by their calcifica- 
tion. On the other hand, the disease may spread till the surface of the 
bone is reached and the soft parts have become infected. Caseation of 
the tissue is synonymous with its death, and any portion of bone sepa- 

rated en bloc by surrounding caseation forms a sequestrum. Usually 
only small fragments of trabecule are thus separated ; but sometimes 
caseation follows infiltration so rapidly that masses of bone as large as 
a filbert, or even larger, are detached. A whole epiphysis, such as the 
head of the femur, may thus die. As Cheyne has stated, the trabéeule 
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of the sequestra are often thickened, showing that a chronic inflamma- 
tion preceded the change which caused the necrosis. This effectually 
disposes of Kénig’s hypothesis that the sequestra (which for some 
reason are often wedge-shaped) are due to embolism. Sometimes the 
sequestra are soft and crumbling, consisting of rarefied bone ; some- 
times the contents of the spaces, thus enlarged by rarefying osteitis, are 
calcified. An abscess often forms with or without necrosis. 

When the periosteum is primarily affected, the enlargement of the 
bone soon becomes apparent, owing to the growth of tubercles imbedded 
in inflammatory tissue in the deeper layers of the periosteum and in 
the superficial Haversian canals. This growth may extend over a 
wide area of bone, or may penetrate deeply at one or more spots, 
eroding the bone as it grows, even after causing a preliminary sclerosis. 
Commonly an abscess forms, and bursts if not opened. The rough sur- 
face of the infiltrated bone is then exposed. The resulting space is 
filled with a milk-like fluid, often containing caseating masses and _ bits 
of bone. The wall of such an abscess is formed of dense fibrous tissue 
lined by a layer of granulation-tissue which can be easily detached 
(p. 167). 

On section, this wall shows, from without inward, cedematous fibroid 
tissue, probably containing tubercles with central giant-cells; then 
granulation-tissue with numerous but less typical tubercles ; and, lastly, 
a layer, chiefly of epithelioid cells, which becomes more and more case- 
ous as the cavity is approached. 

Tuberculosis of Cartilage—Hyaline cartilage, being a nonvascular 
tissue, is never attacked primarily. Destruction of cartilage is some- 
times due to the spread inward, over the surface of the cartilage, of 
tuberculous outgrowths from the synovial membrane: these processes 
adhere like ivy, and gradually erode the cartilage, producing a cribri- 
form appearance (Fig. 208). Similar destruction may also be due to 
the perforation of the cartilage by a mass of tuberculous tissue sprout- 
ing through it from a focus in the subjacent bone; or to the spreading 
beneath the cartilage of similar tissue from a bony source. Large 
pieces of cartilage may thus be loosened from the bone, while still 
retaining a normal appearance on the side‘toward the joint. In one 
or other of the above ways tubercular caries of the surfaces of a joint 
is established. 

Tuberculosis of Synovial Membranes.—The tubercular changes met 
with in the synovial membrane are the following : (1) acute miliary 
tuberculosis, as mentioned above ; (2) diffuse thickening (tumor albus) — 
by far the most frequent and iinportant condition ; (3) nodular thicken- 
ing (synovitis tuberosa) ; (4) hydrops ; and (5) empyema. 

Diffuse thickening may be primary or secondary. When primary, 
it is due to the settlement of bacilli at one or more spots in the synovial 
or subsynovial tissue. Tuberculous masses grow and spread, while the 
surrounding tissues become more or less swollen and gelatinous-looking 
from cedema and eell-infiltration. Clear or puriform fluid may Ke 
effused into the joint. The tuberculous foci may soften and open either 
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into the joint or into the periarticular tissues, or may form an abscess 
in the thickened synovial membrane. When secondary, the diffuse 
thickening may be due to bursting of a focus from the bone into the 
joint, and infection, of the whole synovial membrane from within. 
Soon afterward this membrane presents the structure of the wall of a 
chronic abscess, and its cavity probably contains turbid or puriform 
fluid. In other cases the thickening may be due chiefly to oedema of 


Fig. 208. 
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Edge of cartilage of knee in tubercular arthritis, resting upon inflamed bone, and markedly 
eroded on this aspect. The free surface of the cartilage is overgrown by a soft synovial fold 
(s. f.). Several channels, by means of which cells have reached the capsules of cartilage- 
cells, have been laid open. x 55. (F.T. Paul.) 


the synovial membrane excited by the presence of a focus in the bone, 
which has reached the surface at the reflection of the synovial mem- 
brane, and has thus been shut off from the cavity of the joint. At 
this point of reflection the membrane becomes infected, and the tuber- 
culous tissue invading it leads to much oedema in its neighborhood. 
Cheyne states that in such cases he has been unable to discover any 
evidence of infection in the cedematous synovial membrane at a distance 
from the focus—a point of much practical importance. 

In synovitis tuberosa, fungous masses of tubercular structure, from 
‘the size of a chestnut downward, hang in greater or smaller numbers 
from the synovial membrane into the joint, which almost always con- 
tains fluid; this is often blood-stained. The membrane may be thick 
and deeply blood-stained toward the joint. The disease is due to 
infection conveyed by the blood. Secondary infection from the dis- 
eased membrane is unusual, 

Effusion may take place before thickening of the synovial mem- 
brane begins (tubercular hydrops), and is indistinguishable at this stage 
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from simple synovial effusion. Kénig states that in early stages a thin 
layer of tuberculous tissue can be found on the surface toward the joint. 

Purulent effusion (tubercular empyema of the joint) is indistinguish- 
able from tubercular hydrops until the fluid is drawn off: it occurs in 
old people and in highly tubercular subjects. 


Tuberculosis of the Skin. 


Tuberculosis of the skin gives rise to many varieties of inflamma- 
tion, of which some tend to suppurate. These are generally grouped 
under the term Scrofuloderma. 

Lupus vulgaris is a form of tuberculosis characterized by the appear- 
ance of reddish-brown nodules of granulation-tissue upon the ski 
(chiefly of the face), and much less commonly upon the mucous mem- 
branes of the conjunctiva, pharynx, vulva, and vagina. The nodules 
are situated primarily in the corium, and at first are smaller than a 
pin’s head, though they may reach the size of a pea; these blend to 
form a more or less diffuse mass, while fresh foci appear at the 
periphery. The disease generally appears between the age of two 
years and puberty, and is especially common in those suffering from 
chronic tuberculosis in other parts of the body: recwrrences may take 
place again and again, and the disease may thus last, off and on, 
throughout a lifetime. 

Microscopically, the nodules consist of granulation-tissue containing 
epithelioid cells and often a good many giant-cells. Many of them 
differ from true tubercles in being rather richly vascular. The inter- 
cellular substance is scanty and homogeneous. It is not uncommon 
to find that long anastomosing processes of epithelium have grown down 
into the round-celled growth. 

The disease spreads by the production of fresh nodules at the 
margin of the primary focus. Its course is always chronic, and when 
the patch has reached a certain size it may remain quiescent. The 
nodules and infiltration may end in degeneration and absorption—a 
white scar being left—or in ulceration. After eating away the tissues 
to varying depths, sometimes destroying large portions of the nose, lip, 
or eyelid, the ulcers may heal; or healing may go on at one point and 
destruction at another. There is little or no tendency to caseation, and 
glands rarely become affected. Most of those suffering from lupus die 
of tuberculosis of some other part. 

Etiology.—In favor of the tubercular origin of this disease it may 
be urged: (1) that tubercle-bacilli are found in the affected tissues ; 
(2) that pure cultures of tubercle-bacilli can be obtained from such 
tissues ; (3) that the inoculation of these cultures, or of the lupus- 
tissue itself, gives rise to tuberculosis ; (4) that injection of tuberculin 
is followed by an inflammatory reaction in lupus-tissues ; (5) that the . 
structure of the tissue is such as would result from the very gradual 
growth of the tuberele-bacillus ; (6) that the temperature of the skin 
of the face is only a little above the lowest limit at which the bacillus 
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will grow; and (7) that there is, in many cases of lupus, a strong 
probability in favor of accidental inoculation with tubercle-bacillus 


Scrofula. 


A constitutional condition known as Scroefula was formerly described, 
and said to be characterized by a liability of certain tissues to become 
the seat of chronic inflammation. This susceptibility was said to be 
most marked in mucous membranes, lymphatic glands, skin, bones, and 
joimts. The cases so described are now known to have been due either 
to chronic tuberculosis, or to the infection of weakly individuals with 
some other pathogenic organisms. Many of the latter class ultimately 
die of tuberculosis. 


LEPROSY. 


Leprosy is a chronic, progressive, infective disease due to the intro- 
duction of the Bacillus lepre and its growth in the tissues. 

There are two chief varieties, nodular * and anesthetic. In the 
former, the lesions affect chiefly the skin; in the latter, chiefly the 
nerves. The appearance of these changes is preceded by an incubation 
and a prodromal period. These together extend over nearly five years, 
and are often followed by a series of successive skin-eruptions. 

In nodular leprosy, patches of hypersemia are followed by thicken- 
ing of the skin with the formation of small flat nodules, which grow 
very gradually and often run together, until, in some cases, they reach 
the size of walnuts. These changes are especially developed on parts 
exposed to the air—face, hands, and feet—and appear sometimes 
singly, sometimes in groups. The affected skin is at first firm and red 
or brownish ; later on it becomes soft and pale : unless injured, it rarely 
ulcerates until some years have elapsed (Fig. 209). When ulcers do 
form they cause great destruction of features and other parts (lepra 
mutilans). Healing may occur here and there. The nodules may 
affect other parts of the body, especially the extensor aspects of the 
limbs, and the mucous membranes of the eye, nose, mouth, and larynx. 

In anesthetic leprosy, cylindrical or fusiform swellings occur upon 
nerves, especially the ulnar and external popliteal, and the usual results 
of neuritis follow. These swellings surround long portions of the 
nerves, affecting primarily the cutaneous and, later, the muscular 
branches. At first the skin is often painful and hyperesthetic ; later 
on it becomes thin, pale, and insensitive, while the paralyzed muscles 
waste. A bullous eruption (pemphigus leprosus) in the area of an 
affected nerve may be the first sign of the disease ; these bullee may 
either dry up, leaving pale insensitive patches with a pigmented border, 
or they may be followed at once by ulcers. Sooner or later ulcers 
form upon the anesthetic parts, leading to extensive destruction and 
even to dropping off of fingers, toes, or of large portions of limbs 
(lepra mutilans). 


* This variety is often called “tubercular.’ The term is objectionable, as it sug- 
gests an association with the tubercle-bacillus. 
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The two forms may run their course separately, but often occur 
together. The anesthetic variety occurs chiefly in hot climates. In 
each form the glands receiving lymph from the diseased parts enlarge— 


Fig. 209. 


Nodular leprosy. (Ziegler, after G. Minch.) 


first the superficial ones, then the deeper. Viscera—especially the 
liver, spleen, and testes—may also be enlarged. In the nodular form 
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Nodular leprosy. Section through affected skin. a, infiltration with bacilli, x 6; b, bacilli in 
lepra-cells, < 300; ¢, individual leprosy-bacilli, X< 800. (Thin.) 


death results from exhaustion or some intercurrent disease, after a 


course of eight or ten years; in the anesthetic form the duration is 
about twice as long. 


LEPROSY. 369 


Histology.—To the naked eye the new tissue, wherever situated, 
has a grayish or yellowish semi-transparent, homogeneous appearance. 
The loose areolar tissues are chiefly affected, and, in a less degree, 
lymphoid tissue. Microscopically, the nodules consist of fibrous tissue 
with large numbers of bacilli. The most prominent objects in the new 
tissue are numerous large, granular, vacuolated, cell-like masses known 
as lepra-cells ; the vacuoles contain masses of bacilli. These cells are 
frequently found in the lymph-spaces, 

According to the old view, lepra-cells are epithelioid cells, possibly 
derived from the endothelium lining the lymph-spaces; while the 
vacuoles are the intracellular excretory products of the enclosed bacilli. 
According to Bergengriin and other recent observers, a lepra-cell is a 
transverse section of a lymphatic stuffed with bacilli which have led to 
coagulation of the contained lymph—a lymphatic thrombus. The 
irritation caused by these thrombi gives rise to proliferation of the 
lining endothelium, and from this are formed the giant-cells, which 1 in 
leprosy do not commonly contain bacilli. 

The fusiform swellings on the nerves consist of degenerated nerve- 
fibres and proliferated connective tissue with numerous bacilli contained 
within the cells or lying free in the new tissue. 

The new tissue in the skin very gradually undergoes fatty degen- 
eration and is absorbed, or breaks down. The foci run together, and 
the diseased part appears, on section, to be divided into nodular masses 
by fibrous bands. Other tissues may, on account of the interference 
with their nutrition, necrose or atrophy. 

The lymphatic glands contain small fibrous patches. As Delépine 
points out, the liver, spleen and nerves all show signs of chronic inter- 
stitial inflammation. The lungs are often said to be tuberculous. 
They certainly have the appearances of organs undergoing caseous 
broncho-pneumonia ; but it is doubtful whether this condition is not 
frequently due to the leprosy-bacillus, although tuberculosis is unques- 
tionably common in lepers. 


Etiology.—This disease is endemic in many parts of the world, 
especially in the East and West Indies, China, South America, and 
Equatorial and Southern Africa. From the fourth to the fourteenth 
century it was widely spread over Europe, but began to die away at 
the beginning of the fifteenth, and was nearly extinet by the end of 
that century, when syphilis first became prominent. Leprosy still 
lingers in many places in Europe, particularly in Norway, Sweden, and 
Iceland. 

From time immemorial leprosy has been looked upon as a contagious 
disease, and lepers have been rigorously excluded from social communi- 
ties. In many cases, however, lepers have been known to live in the 
closest association with healthy people without communicating the 
disease. On the other hand, no one ever contracts the dis- 
ease without haying been brought into contact with the contagion, 
which may in all probability remain latent for years. The extremely 
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gradual development of the disease renders its contagiousness difficult 
to prove. : 

It may be noted that leprosy flourishes in all climates and upon all 
soils. There is no evidence that poor diet and salt fish take any prom- 
inent part in its causation, as some have thought ; or that the disease is 
hereditary, although Hirsch strongly maintained that it was. Possibly 
there may be some hereditary predisposition analogous to that believed to 
exist in the case of phthisis. 

Observers are agreed that there is constantly present in all the recent 
primary lesions of leprosy a bacillus very closely resembling in its char- 
acters the tubercle-bacillus (p. 328). 

The bacilli found in leprosy may vary in shape, size, and staining 
affinities. Delépine showed that in one case the bacilli free in the 
tissues were shorter and more readily stained than those in the lepra- 
cells ; while those in the skin and mucous membranes were longer and 
more rapidly stained than those in the liver and spleen. The bacilli 
may generally be distinguished from tubercle-bacilli as seen in human 
tissues, by their enormous numbers, and by their occurrence in the 
lymphatics and in the tissues. Moreover, giant-cells are less common, 
and do not often contain bacilli. 

Attempts to cultivate the organism have so generally failed that 
the few recorded exceptions are of little value until more fully con- 
firmed. Amid conditions under which the tubercle-bacillus will flourish, 
the leprosy-bacillus will net even grow at all. 

Nor do inoculation-experiments give decisive results. In the case 
of a criminal, to whom inoculation had been offered as an alternative 
to execution, the disease followed the inoculation, but the result was 
inconclusive, as the man had up to that time been in frequent contact 
with lepers. Whether the affected tissues be introduced into other parts 
of leprous patients, or into animals, the results are uniformly unsuccess- 
ful, though the bacilli themselves are not destroyed, for they can be found 
months afterward in the tissues. 


SYPHILIS. 


The disease known as syphilis is characterized by the presence of in- 
flammatory lesions occurring in foci, some of which are infective. The 
lesions thus possess some points of resemblance to those of tuberculosis 
and leprosy, but, on the other hand, in their seats, distributions, sequence, 
and histological characters, present certain peculiarities which make 
them characteristic of this disease. The primary lesion occurring at 
the point of imoculation is followed by enlargement of the neighboring 
lymphatic glands, and, later on, when the virus becomes generalized, by 
a series of changes in the skin and mucous membranes. Ata still later 
period these may be succeeded by changes in the neryous system, bones, 
and internal organs—most of them the results of inflammatory processes 
induced by the syphilitic poison. Syphilis is a “chronic general infec- 
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tive disease,” although the proof that it is due to any known organism 
is still incomplete. 


I. Primary Lesion.—In all probability there is always a local lesion 
at the point of inoculation, though it may be exceedingly minute and 
not infrequently escape observation, especially in women. This primary 
lesion is a small hard nodule (hard chanere) in the skin or mucous mem- 
brane and consists of ordinary chronic inflammatory tissue, being made 
up of giant-cells, epithelioid cells, and a large proportion of leucocytes. 
There may also be some epithelial proliferation on its surface which is 
often eroded, a small ulcer with a hard base resulting. This ulcer may, 
of course, become infected with pyogenic cocci. 

Columns of cells, probably leucocytes, extend from this indurated 
focus between the planes of connective tissue in the neighborhood, and, 
by means of lymphatics, reach the nearest lymph-glands. When the 
virus is introduced by absorption through a slight abrasion, a lymphatic 
ean generally be found in the centre of the focus, and the infection 
spreads rapidly, by means of the connective-tissue spaces and lymphat- 
ics, to the glands, which are thus quickly involved, though no evidence of 
the generalization of the poison occurs for two or three weeks. When 
accidentally inoculated, as in the course of an operation, the virus may 
gain direct entrance to the blood-stream and the evidence of general in- 
fection may thus occur much earlier, without any previous infection of 
the glands. 


II. Secondary Lesions.—Two or three weeks after inoculation, 
lesions appear in many parts of the body as a result of the generaliza- 
tion of the virus. These are characterized by inflammation of the peri- 
vascular sheaths and adventitia of the smallest vessels, and by the 
presence of epithelioid cells and leucocytes. Many of the lesions are 
anatomically indistinguishable from simple inflammations of the same 
parts. The rashes, for example, are due to inflammatory hyperemia 
with more or less infiltration of the superficial layer of the skin, enlarge- 
ment of the papille, and, often, excessive epithelial multiplication 
(mucous tubercles), As a rule these inflammations end naturally in 
resolution; but, in tissues of feeble resisting power, ulceration may 
follow. Early syphilitic periostitis (nodes) is indistinguishable from 
traumatic inflammation, and syphilitic iritis is diagnosed from rheumatic 
iritis only by concomitant circumstances. 

III. Tertiary Lesions.—Other lesions, sometimes known as tertiary, 
occur later. The most characteristic of these are gummata, but the most 
frequent is simple fibroid induration. 

Fibroid Induration—Anatomicaily, this is ordinary proliferative 
inflammation, ending in scar-tissue (p. 167). When the fibrous tissue 
is gradually developed without evidence of any change, except such 
degeneration and atrophy as may depend on or precede the subsequent 
contraction of this tissue, it is sometimes spoken of as an overgrowth of 
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connective tissue. The density of the new tissue varies in different 
cases and in different parts of the same organ. The infiltration may be 
general, but much more commonly the fibroid areas are separated by 
comparatively healthy portions of the organ. It is the irregular distri- 
bution of these lesions which makes them so characteristic of syphilis. 

The capsules of organs are irregularly thickened ; any peritoneal 
coverings they may possess are involved, and more or less general 
adhesion to surrounding parts occurs. As the fibrous tissue contracts 
the organ shrinks and often becomes of stony hardness ; but the irreg- 
ular distribution of the exudation often causes unequal contraction and 
puckering of the surface, amounting in some cases to the formation of 
deep fissures which almost divide the organ into lobes. In these cases 
the diffuse growth has probably been combined with the gummatous, 
and the thickened capsule is connected with fibrous strands which extend 
deeply into the surrounding tissue. 

The naked-eye examination of a testis which has undergone these 
changes shows adhesions between the layers of the tunica vaginalis, and 
intervening spaces containing fluid, as well as marked thickening of the 
tunica albuginea with dense bands of fibrous tissue extending from it 
toward the mediastinum. The natural reddish-brown color of the 
tubules is replaced by a much paler whitish-yellow tint, in which islands 
of normal tissue may remain. The consistence of the gland is greatly 
increased. One or two gummata may also be present. In syphilitic 
orchitis the affection of the tunica vaginalis is often proved during life 
by the presence of hydrocele. 

When occurring in bone, this fibroid induration may ossify. Under 
the periosteum, it causes thickening of the bone. In the Haversian 
canals and cancellous spaces it leads to increase in density. 

It is possible that fibroid induration is always preceded by the form- 
ation of gummata, and that it represents a final stage in which all case- 
ous matter has been absorbed. 

Gummata. (Syphilitic Tumors, Syphilomata.)\—As usually met with, 
these are moderately firm yellowish-white nodules, having on section an 
appearance suggestive of the cut surface of a horse-chestnut (Fig. 211). 
They vary in size from a hemp-seed to a walnut, and are surrounded 
by a zone of translucent fibrous-looking tissue, which sometimes has 
the appearance of a capsule, and which is so intimately associated with 
the surrounding structures that enucleation of the mass is impossible. 
The outline of the growth is generally irregular, owing to the number 
of. fibrous processes which radiate from it along the natural septa of 
the organ (Fig. 212). In the earlier stages of their development, as 
seen in the liver in cases of congenital syphilis, where they occur as 
early secondary lesions, gummata are much softer in consistence, more 
vascular, and of a reddish-white color; whilst in their most advanced 
stages, owing to extensive degenerative changes, they may be opaque, 
yellow, and fatty. 

Examined microscopically, gummata are found to vary in their 
minute structure according to their age. When recent they are 
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divisible into three zones. The central portions are composed of closely 
packed shrunken cells and nuclei, fat-granules and cholesterin, amongst 
which is generally a little fibrillated tissue. Surrounding this and 
directly continuous with it is the intermediate zone, consisting of epithe- 
lioid cells in a distinctly fibrillated matrix. The peripheral portion of 
the growth, which is in direct histological continuity with the surround- 
ing structures, consists mainly of leucocytes, though epithelioid cells 
and even giant-cells are also found. Glant-cells are much rarer than 
in tuberculosis. The cells are separated by a scanty, homogeneous, 
intercellular material and numerous new bloodvessels. In older gum- 


Fig. 211. 


Gummata in the liver. a, diaphragm; 5, peritoneum and capsule of liver; c, caseous masses; 
d, fibroid walls surrounding caseous masses; ¢,sublobular vein; f, g, areas undergoing amy- 
loid degeneration; h, areas undergoing marked fatty changes. In this specimen the gum- 
mata are a short distance from the surface aud no thickening of the capsule or puckering 
of the surface has occurred. Natural size. 


mata, only two zones may be apparent, an inner caseous zone and an 
outer fibrous: zone. 

The origin of the cells in gummata is most likely the same as in 
tubercles. It seems probable, however, that the chemical effects of the 
syphilitic virus are less deadly to the life of the new cells than are the 
corresponding effects of the tubercular. The further development of 
the new tissue therefore proceeds, and vessels are formed. The casea- 
tion which next occurs is, in all probability, not so much due to the 
direct action of the virus as to the subsequent shutting off of the blood- 
supply. By means of changes, presently to be described, the walls of 
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the bloodvessels in the centre of a gumma become thickened, and in 
thickening, encroach upon and nearly obliterate the lumen. Subsequent 
thrombosis in the affected vessels completes the interference with the 
blood-stream. To these changes must also be added the strangulating 
effect on the bloodvessels, produced by the contraction of the new fibrous 
tissue. The parts thus gradually deprived of blood must degenerate, and 
this occurs at a comparatively early stage, although not so early as in 
tuberculosis. When the gumma is large, and particularly when the 
epithelioid cells are present in large numbers, the mass may be seen to 
be made up of an agglomeration of smaller growths, each having the 
characteristic structure. When the leucocytes predominate, the foci run 
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Edge of gumma of the liver. a,q’, fibrous strands extending into lobules of liver; b, fibrous wall 
of gumima, among which remnants of liver-cells are apparent (caseous mass lay to left of 
specimen and is not shown); ¢, masses of leucocytes; d, d’, liver-cells undergoing fatty 
changes in neighborhood of fibrous strands. » 120. 


together and their outlines are lost. It has been recently stated that sub- 
cutaneous gummata originate in an endophlebitis proliferans followed by 
thrombosis, perivasal round-celled infiltration, and subsequent necrosis ; 
and that in these cases arterial changes are not so constant. 

In early stages, before they have produced marked destruction of 
tissue, gummata may disappear under treatment. In ater stages their 
central fatty portions are frequently absorbed, leaving a radiating puck- 
ered scar; calcification is rare. If gummata become infected with 
pyogenic cocci, they soften and suppuration occurs around them; the 
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abscess bursts, and a yellow slough is exposed. This has a very charac- 
teristic appearance, resembling a piece of wet wash-leather : it is tough 
and coherent, unlike the dead tissue from the caseous centre of a tuber- 
cular focus. It gradually becomes detached, leaving a larger or smaller 
cavity with soft ragged margins. These changes can often be seen in 
the tongue. Gummata of the skin and mucous membranes are the most 
prone to take this course. These ulcerations must be distinguished from 
the superficial ulcerations connected with the early rashes. It seems 
probable that gummata may sometimes soften without the action of 
pyogenic cocci. 

Gummata are met with in the skin and subcutaneous cellular 
tissue ; in the submucous tissue, especially of the pharynx, soft palate, 
tongue, and larynx; in muscle, fascie, and bone; and in the con- 
nective tissue of organs—especially of the liver, brain, testicle, and 
kidney. Gummata also occur, but much less frequently, in the lungs, 
especially in congenital syphilis: simple localized fibroid indurations 
are found under the same circumstances. 

No hard line can be drawn clinically or pathologically between 
secondary and tertiary lesions. In congenital syphilis, gummata and 
pericellular cirrhosis are among the earliest manifestations of the disease. 

Contrast between Syphilitic and Tubercular Lesions.—Attention has 
previously been drawn to resemblances and distinctions between tuber- 
eular and syphilitic formations. The points of contrast may be thus 
summarized. In syphilis, (1) the contagion is more easily traceable ; 
(2) the foci are larger, and show a gre Bink tendency to organization, 
while endarteritis of their vessels is invariable ; and (3) the lesions are 
always local, and pigmentation is common. 


Changes in Vessels.—Certain changes in the arteries, known as 
Endarteritis obliterans, occur in syphilis, either as a distinct local 
lesion—especially in the brain—or in conjunction with other syphilitic 
changes, as in gummata. 

In the cerebral arteries the changes produce opacity and marked 
thickening of the vessel, with considerable diminution in its calibre. 
It is this diminution of the lumen of the vessel which is especially 
characteristic. The smaller vessels, arteries and veins, are chiefly 
affected, and their lumina may be quite obliterated. 

When transverse sections of the vessels are examined microscopically, 
the changes are seen to be situated in the inner and outer coats (Fig. 
213). The intima is considerably thickened by a cellular growth. 
The growth, which is limited internally by the’ endothelium of the 
vessel, and externally by the membrana fenestrata, consists of chronie 
inflammatory tissue containing a large proportion of cells. 

In addition to this change in the intima, the outer coat is abnormally 
vascular and is infiltrated with small ells (Fig. 213), and to a less 
extent this cellular infiltration usually invades the muscular layer as 
well. The marked diminution of the lumen of the vessel and the 
consequent interference with the circulation, coupled with the changes 
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in the endothelium, frequently lead to thrombosis, and consequently, 
when the cerebral vessels are affected, to cerebral softening. 

Syphilis is one of the factors in the production of arterio-sclerosis 
and of aneurism (p. 451). It also leads to amyloid degeneration of 
the walls of the vessels and other parts (p. 65). 


Etiology.—Strong as is the clinical evidence of the infective nature 
of syphilis, nothing positive is known of its cause. 

The poison exists in the primary sore, in mucous tubercles, and all 
secondary sores, and in the blood during the eruptive period, for all 
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Syphilitic disease of cerebral arteries. A. Segment of middle cerebral artery, transverse sec- 
tion. i, thickened inner coat; e, endothelium ; f, membrana fenestrata; m, muscular coat ; 
a, adventitia. 100. B. Small artery of pia mater, transverse section. Showing thickened 
inner coat, diminished ‘lumen of vessel, and considerable infiltration of adventitia. The 
cavity of the vessel contains a clot. 50. 


these are infective. It is not present in normal secretions, such as 
milk, saliva, mucus and semen. The discharge from gummatous ulcers 
is usually not infective. Fibroid lesions are indications of the success- 
ful resistance of the tissues to the virus, and must be regarded as evi- 
dence of a healing process. 

Klebs inoculated apes with portions of syphilitic tissue, and pro- 
duced a disease closely resembling syphilis. 

Many observers have described organisms which they have found 
in syphilitic lesions. None of these results have up to the present 
time been sufficiently confirmed. Lustgarten has described a bacillus 
very similar if not identical with that usually present in the smegma 
preputil. 

Van Niessen obtained a coceus (syphilococcus) from a primary sore, 
cultivated it on gelatine and inoculated animals, thus producing hard 
sores and gummata. ‘These results still need confirmation. 
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Syphilitic Disease of the Liver. 


The liver is one of the most frequent seats of syphilitic lesions. 

In adult life the commonest change is the occurrence of caseous foci 
(gummata) imbedded in localized tracts of dense fibrous tissue, with proc- 
esses radiating into the surrounding lobules of the liver, which is often 
undergoing fatty or amyloid degeneration (Fig. 212). These changes 
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Pericellular cirrhosis. a, remnants of liver-cells; b, interlobular vein (portal canal); c¢, intra- 
lobular vein. (From a specimen by Dr. Rolleston.) 


are generally connected with fibroid thickening of the capsule and adja- 
cent peritoneum. Sometimes no caseous masses can be found, and the 
change is limited to scar-like depressions on the surface of the liver, 
which is irregularly and deeply puckered. In these cases it is possible 
that there may have been gummata which have since been absorbed. 
In other cases, as Adami points out, a more uniform pericellular cirrho- 
sis occurs and persists. This involves the central portions of the lobules 
quite as much as the peripheral. 

In congenital syphilis two changes are common: (1) Recent gum- 
mata, consisting of small, pale, somewhat ill-defined patches of granu- 
lation-tissue, are not infrequently met with. (2) More often, diffuse 
changes, resulting in pericellular cirrhosis, are found (see Pericellular 
Cirrhosis of Liver). According to Hecker, the cellular accumulations 
causing the enlargement of the liver so common in children born with 
syphilis are made up partly of proliferated liver-cells and partly of 
cells suggestive of newly formed red corpuscles. Hecker accordingly 
suggests that the condition of the liver is due to a continuation and 
excess of the normal foetal processes in that organ. 

Amyloid disease may result from syphilis apart from any of the above 
changes. 

It is unnecessary to describe the syphilitic lesions which occur in 
other organs, as they all present the same general characters—viz., 
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cell-infiltrations, scars, fibroid indurations, and gummata, singly or in 
combination. ‘ 

Certain degenerative changes in the nervous system are attributed 
to syphilis among other causes. The degeneration of the nerve-tissue 
is accompanied by an apparent overgrowth of neuroglia, The syphilis 
probably acts by interfering with the nutrition of the cell-dendrites, and 
atrophy of the fibre follows (see Chap. XII.). 


GLANDERS. 


Glanders (equinia), an infective disease, due to the growth of the 
Bacillus mallei, is, like tuberculosis and syphilis, distinguished by the 
presence of characteristic local lesions. 

Tn animals two varieties of the disease are described. In (1) glanders, 
the nasal mucous membrane and its prolongations are the seat of the 
earliest lesions ; in (2) farcy, the skin and subcutaneous tissue. Each 
form may run a rapid or a slow course. Both varieties of the disease 
are common among equine animals, especially horses, and are commu- 
nicable from them to other animals, including man, though this happens 
but rarely. The disease is also transferable from man to man. 

In man the distinction between the two varieties does not obtain, as 
the lesions of the one form nearly always supervene upon those of the 
other. 


Appearances.—The characteristic lesions resemble acute abscesses 
in some particulars, and typical tubercles in others. They are best seen in 
the more chronic varieties. A circumscribed nodule ( farcy-bud) appears, 
varying in size from a mere point to that of a pea or bean. On section, 
this is found to consist of a mass of leucocytes in the centre and a zone 
of epithelioid cells around it, while an additional external zone of red 
blood-corpuscles is not uncommon : vascularization of the bud is at best 
very imperfect. Necrosis occurs in the centre and more or less suppu- 
ration follows. When a farcy-bud forms near a free surface, an ulcer 
with a sharply cut indurated margin and a very foul base usually results. 
Such ulcers may heal, but their course is generally very chronic. 

In the more acute forms of the disease the poison sets up ordinary 
suppuration at the spot where it develops. The inflammation is not 
always circumscribed : sometimes it is diffuse, giving rise to infiltration 
of muscles, subcutaneous tissue, and the connective tissue of the orbit. 
This is succeeded by suppuration at several points, or throughout the 
infiltrated tissue. 


Course.—A wound is a common place of entry; mucous mem- 
branes, especially the conjunctival and nasal, are also seats of primary 
infection. In many cases there is no evidence to show how the poison 
has entered. 

In acute glanders, after a variable period of incubation, inflam- 
matory nodules appear in the mucous membrane of the nose, frontal 
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sinuses, or other places, and run on more or less rapidly to suppuration 
and ulceration. The fever and mucopurulent or bloody discharge 
from the nostrils are thus explained. The submaxillary and cervical 
glands swell—from infection through the lymphatics. The poison 
then enters the blood and is carried to distant parts, giving rise to 
metastatic inflammation in the lungs and other internal organs, in the 
skin, and in the mucous membranes of the respiratory and alimentary 
tracts. Abscesses in the subcutaneous and intermuscular tissues are 
common, and suppuration in joints occurs. In fact, the disease 
resembles pysemia in many respects, being, like it, due to the dis- 
semination by the blood of an organism capable of exciting suppura- 
tion. The abscesses in organs are generally small, but may reach a 
large size. The respiratory and alimentary mucous membranes are 


Fig. 215. 


Section through a ‘‘bud”’ in the skin from a case of acute glanders. The horny layer has 
mostly disappeared and the Malpighian layer is pushed upward by the subjacent abscess 
(just below a). The mass of pus-corpuscles is just breaking down to form a cavity, the walls 
of which are infiltrated with similar cells. (Boyd.) 


probably infected from the nose. On the skin, red papules and larger 
patches of inflammation appear. On these, vesicles and then pustules 
—often with hemorrhagic contents—quickly develop. These consti- 
tute the rash of the disease. The earliest stage is a collection of 
round cells in the superficial part of a papilla; a little later a pustule 
is found to have developed under the rete. The fever is high through- 
out the disease, symptoms of prostration appear early, and death 
oecurs with all the signs of septic poisoning. 

In chronic glanders large “buds” appear in the subcutaneous, 
submucous, and intermuscular tissues. Those near the surface break 
down slowly, and form foul ulcers; the lymphatics become much 
swollen, hard, and knotted: and the glands are greatly enlarged. The 
general ‘symptoms are much milder. This form often ends in recovery. 
In fatal cases the symptoms of acute glanders frequently supervene 
before death. 


Etiology.—In the pus of abscesses in glanders, Schiilz and 
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Leffler found slender rods, smaller than, but resembling generally, the 
bacilli of tuberculosis. Cultivated in the serum of horse’s blood, these 
rods formed colonies, maintaining their initial form. After repeated 
cultivation, to ensure the absence of contamination, various animals 
were inoculated. The result varied with their susceptibility. In all, 
an indurated ulcer appeared at the site of inoculation ; and curd-like 
lymphatics ran thence to swollen glands. In some, metastatic abscesses 
formed in internal organs; in others, death occurred rapidly, with 
symptoms of septic poisoning. In all, the above bacilli were found. 
Two horses were inoculated from a fourth cultivation : after some days’ 
incubation the symptoms of glanders set in, and the older horse died 
in fourteen days. The other was extremely weak and was killed next 
day. The post-mortem signs were the same in both—viz., a sore the 
size of a shilling at the site of inoculation; hard and swollen 
lymphatics, leading from the sore to neighboring glands ; abscesses in 
the lungs, from the size of a pea downward ; farey-buds and ulcers 
studding the nasal mucosa. 

By this one series of experiments the organism known as _ the 
B. mallet was proved to be the cause of glanders. The bacillus is 
non-motile, grows on ordinary media and potato, and does not form 
spores. 

An extract of the cultures has been prepared, and is known as 
mallein. When injected subcutaneously in cases of glanders, it gives 
rise to an inflammatory reaction at the seat of the disease. In doubt- 
ful cases, mallein is therefore injected as an aid to diagnosis, as it has 
practically no effect when injected into sound animals. 


RHINOSCLEROMA. 


This rare disease, which presents some points of resemblance to 
the foregoing, consists in the formation of hard, sharply defined masses 
in the skin or mucous membrane near the anterior nares, subsequently 
spreading to the lips, gums, nasal cavities, and thence to the palate. 
Later on, the pharynx and glottis may be involved, thus becoming 
both rigid and narrowed. Similar changes have been described in 
the external auditory canals. The growth has never been known to 
generalize, and for years the health remains unaffected. When the 
disease is not interfered with, extension is slow but continuous. 
Recurrence has invariably and rapidly followed even apparently com- 
plete removal. 

The masses round the nostril are like keloid or hypertrophic scars. 
They are light or dark brownish-red in color, and here and there smooth 
and fissured. The skin around is quite normal. There is little or no 
tendency to ulceration. 

Microscopically, there is found dense infiltration of the corium with 
small round cells lying in a fibrillated stroma. Many of the cells are 
spindle-shaped, and a few may be epithelioid, but large cell-forms are 
the exception. The growth is moderately vascular and presents no 
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tendency to fatty degeneration. Cornil describes some of the cells as 
containing “ hyaline masses,” which may also be present in the tissue. 


Etiology.—The disease is regarded as infective on account of its 
morbid anatomy, coupled with the constant presence of a bacillus (Frisch). 
The bacilli are short and thick, ovoid, or even round, and two are often 
bound together in a capsule. The organism has been cultivated: it 
grows rapidly at 97° to 100° F.  Inoculations with cultures or with 
pieces of the growth have been made in the noses of dogs, but have 
always failed. According to Mibelli, the “hyaline masses” consist of 
the “shed” capsules of the organisms. 


ACTINOMYCOSIS. 


This disease consists in the formation of small sarecoma-like tumors 
or abscesses, due to the growth of a peculiar fungus—the actinomyces. 
The commonest seats are the lung and liver, but the fungus may be 
found in any part. It is more commonly met with in the lower animals 
than in man. In cattle the disease most often affects the jaws. 


Appearances.—On section, the tumors have an open spongy appear- 
ance, and a puriform or caseous fluid can be squeezed from them. 
Besides fatty cells, this fluid contains many pale yellow granules, just 
large enough to be visible to the naked eye. These, when gently 
squeezed and cleared up by potash, are seen to consist of filaments radi- 
ating from a common centre, and bearing at their free ends club-shaped 


Fig. 216. Fra. 217, 


x 250 i 
Actinomyces. From the tongue of the ox. Actinomyces hominis, showing true branch- 
Two masses of club-shaped radiating fila- ing. > 1000. 


ments areseen. 250. 


swellings (Fig. 216). The filaments are often branched (Fig. 216) and 
frequently calcified. Threads and spherical bodies are found less fre- 
quently. The nodules and abscesses also contain granulation-tissue, 
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intersected here and there by bands of fibrous tissue. In the older 
specimens there are found, round each fungus, the usual signs of a 


Fia. 218. 


Actinomycosis of the liver. A large sponge-like area forms the centre of the specimen. This 
consists of dense fibrous trabecule enclosing small roundish spaces, filled up, in-the recent 
state, with granulation-tissue and pus. The pus which escaped contained the minute yellow 
granules described in the text. Natural size. 


chronic inflammation caused by a slight, constant irritant (p. 166). The 


structure of the parasite is best seen when stained by Gram’s method 
(p. 278 
(p. 278). 


Etiology.—The fungus may enter by one of three channels. 

1. The Mouth—Through a carious tooth or extraction-wound the 
fungus reaches the interior of the jaw. It then grows and bursts 
through the outer plate, and gives rise to an abscess in the glands or 
in the connective tissue of the neck. It is probable that infection may 
also take place through the follicles of the tonsil in tonsillitis, or of the 
pharynx in pharyngitis (prevertebral abscess). 

2. The Respiratory Passages.— When the fungus is inhaled, bronchial 
catarrh is set up, and the parasite may be found in the sputum. It next 
gains access to the alveolar walls and there gives rise to nodular foci. 
These develop into suppurating or caseous centres, which bear a super- 
ficial resemblance to the caseous bronchopneumonia of phthisis, but differ 
from it in being shut off from the healthy lung by a layer of healthy 
eranulation-tissue, sometimes surrounded by dense fibrous tissue. The 
cavities may rapidly coalesce, with symptoms like those of phthisis, 
though marked hemoptysis is uncommon. Then, adhesions having 
formed over the diseased area, the fungus spreads to the posterior medi- 
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astinum, through the diaphragm into the peritoneum, liver, or spleen, 
or into the anterior mediastinum and pericardium. In this way the 
disease may give rise to peritonitis, abscess of liver or spleen, or peri- 
carditis. Lastly, some of these abscesses, after much burrowing, may 
find their way to the surface of the chest-wall. It is noteworthy that, 
though the actinomyces affects the lungs from above down, like the 
tubercle-bacillus, it leaves the apex—above the clavicle—uninvolved. 
The pleura and lung may occasionally be infected secondarily from the 
posterior mediastinum. In these cases the cesophagus is probably the 
source of infection. This disease, in its progress, may give rise to 
ordinary serous or purulent inflammations in which no trace of the 
actinomyces can be discovered. 

3. The Intestine—The intestine may be affected primarily from 
within, or, secondarily, by embolism or by extension from other or- 
gans. The primary form may lead merely to catarrh, but generally 
gives rise to nodular foci in the mucous and submucous tissues, which 
break down into ulcers with undermined edges. Perforation into the 
peritoneum, into other hollow viscera, or through the abdominal wall 
may result. 

In many cases the channel of infection remains doubtful. 

In exceptional cases actinomycotic embolism may lead to scattered 
abscesses accompanied by s symptoms of pyzemia. Secondary foci may 
occur anywhere. Ponfick has seen a granulation-mass growing into the 
jugular vein in a case in which there were growths in the right auricle 
and ventricle. 

For some time all attempts to cultivate the organism failed. This 
failure has been attributed to the fact that only the club forms were used, 
and that these are a degenerate form and incapable of cultivation. If 
the threads be taken, erayish erinkled colonies develop in about four 
weeks. The colonies thus obtained consist of threads and spheres (from 
transverse division of the threads), but no clubs. Inoculation of the 
cultures gives rise to the characteristic lesions, including the presence of 
both the club and thread forms of the parasite. The exact botanical 
position of the fungus has not yet been determined. 

There is no reliable evidence that the disease can be acquired by 
direct infection from diseased meat. The history of an epidemic in 
Iceland suggests that the bristles from ears of barley and other cereals 
in penetrating the mucous membrane of the mouth and pharynx may 
give rise to the disease, though it is not yet proved that the parasite can 
flourish in the ears of cereals. 


Madura Foot or Myocetoma. 


In certain parts of India the feet of the natives are liable to a pecu- 
liar swelling; “tubercles” form beneath the skin, burst, and leave 
sinuses from which bodies, like those constituting the roe of a fish, are 
discharged, or, more rarely, bodies like grains of gunpowder. In the 
latter, fungous elements Hal aieiieen recognized, and called chionyphe 
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Carteri. These are believed by some to be the cause of both classes of 
the disease. On section through a diseased part, masses of the above 
bodies are seen, especially in the fatty subcutaneous tissue ; the masses 
may have no obvious communication with each other or with the surface. 
The botanical position of the fungi found is doubtful. _Kanthack consid- 
ered the disease a form of actinomycosis ; Boyce and Surveyor acknow]l- 
edge the similarity, but not the identity, of the two. 


CHAPTER XI. 
DISEASES OF SPECIAL TISSUES AND ORGANS. 
I. DISEASES OF THE CONNECTIVE TISSUES. 
Inflammation of the Cornea. 


SENFTLEBEN’S experiments have shown that injury of the cornea 
produces none of the vascular signs of inflammation unless the mar- 
ginal vessels are affected, or unless leucocytes are admitted from the 
conjunctival sac (p. 152). Anteriorly and posteriorly the cornea is 
limited by membranes sufficiently stout to resist the passage of leuco- 
eytes ; but, in severe inflammation, leucocytes and fluid exudation from 
the vessels enter freely from the margin, passing along the lymph- 
channels in which the cells and nerves lie. The leucocytes thus accu- 
mulate in clusters around the corneal cells. Such exudation is accom- 
panied by softening and opacity of the corneal structure, and may lead 
to alteration in its curvature. This happens in vascular keratitis and 
in the interstitial inflammation of congenital syphilis. When a slight 
proliferative inflammation occurs beneath the roughened epithelium as 
a consequence of the irritation of granular lids, the condition is known 
as pannus. Pus, forming between the layers of the cornea, constitutes 
onyx ; and ulcers are common. Healing in all such cases is by scar- 
tissue, and some opacity and a more or less altered corneal curve are 
thereby produced. In the most intense forms of purulent conjunctivi- 
tis the injury to the cornea may be so great that it undergoes necrosis 
en Masse. 


Inflammation of Cartilage. 


In the most acute inflammations of joints the cartilage may slough 
en masse, like the cornea, from injury and lack of nourishment. Tt 
then either peels off in flakes, or softens and wears away at points of 
pressure. In less acute cases it may be invaded by leucocytes from the 
joint-cavity or from the bone (p. 364), Enlargement and multiplica- 
tion of cartilage-cells may often be seen, as well as the accumulation of 
leucocytes (Fig. 219). Ina joint with inflamed cartilages the effused 
fluid is always turbid from degenerating leucocytes and the resulting 
débris—thus differing from that of serous synovitis ; and not infre- 
quently the exudation becomes purulent. Healing takes place by the 
formation of scar-tissue from the new cells. Short, extremely strong 
and wide adhesions often bind the surfaces together, producing fibrous 
ankylosis. If the bone is involved, some or all of the adhesions will 
ossify—bony ankylosis. 

25 . 385 


386 DISEASES OF SPECIAL TISSUES AND ORGANS. 


Chronic Rheumatoid Arthritis (Arthritis deformans). 


Although this disease may occasionally occur in young or middle- 
aged persons, it is most frequent in the declining period of life, and is 
generally regarded as a senile change. 

The disease is characterized by degeneration and atrophy of certain 
of the articular cartilages as well as by overgrowths from the margins 
of these cartilages and from the synovial membrane. 

The first change observed in the cartilage is fibrillation of the matrix, 


Section of inflamed cartilage. a, the normal cartilage-cells; b, the same enlarged; d, multi- 
plication of celis within their capsules; ¢, eroding layer of granulation-tissue, with (c) 
vessels. Some of the cells are probably invading leucocytes. > 250. (Cornil and Ranvier.) 


followed by softening and erosion. The centre of the cartilage may be 
quite worn away and the bone beneath hardened and highly polished 
(eburnation). The outgrowths from the margins of the articular carti- 
lages are subject to considerable variation in size. Sometimes they ossify 
and cause distinct limitation of the movements of the joint ; sometimes 
they are so slight that no obvious deformity occurs. From the synovial 
membrane a large number of small fibrous nodules develop. The bands 
connecting these to the membrane may occasionally become obliterated, 
and the small fibrous masses persist as loose bodies in the joint. The 
actual cause of these outgrowths is unknown. Possibly they are due to 
a proliferative inflammation. 

The chronic changes which occur in joints, as the result of continued 
rheumatism, differ from the foregoing in so far as the cartilage becomes 
fibrous and not eroded, while no outgrowths occur from their margins 
and but little from the synovial fringes. 


Gouty Arthritis. 


In this disease acicular crystals of sodium biurate are deposited in 
both matrix and cells of the articular cartilages, each successive deposit 
being accompanied by an acute but evanescent inflammation of the joint. 
The cartilages become opaque, irregularly eroded, and here and there 
thickened (p. 73). 

The deposits may take place so frequently and throughout so large 
an area, that cartilages, capsules, ligaments, bones, and surrounding 
tissues become completely infiltrated, giving rise to white mortar-like 
masses and considerable deformity. The distended and infiltrated skin 
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over them is very liable to ulceration. The metatarso-phalangeal joint 
of the great toe is most frequently affected, but the other joints of 
the foot, and the small joints of the hand, are all very liable to the 
change. 

No complete explanation of these changes can be given. The imme- 
diate cause is the conversion of sodium quadriurate, a fairly soluble salt, 
contained in the blood and lymph, into sodium biurate, a very insoluble 
salt, which is rapidly deposited. According to many authorities this is 
especially likely to occur when the amount of quadriurate in the blood 
becomes increased, owing to defective secretion by the kidneys. 


Inflammation of Periosteum. 


Inflammation of bone always originates in its vascular structures— 
the periosteum and medulla. Although the term periostitis only implies 
that the periosteum is inflamed, the adjacent layers of the bone are always 
involved. When the inflammation chiefly affects the medulla and other 
soft parts lying in the Haversian canals or cancellous spaces, the con- 
dition is called osteitis ; but when the medulla in the canal of a long 
bone is most markedly involved, the term myelitis is employed. Inflam- 
mation is never strictly limited to either of these parts ; hence the term 
osteomyelitis. 

Periostitis may be conveniently divided into three varieties : serous, 
proliferative, and suppurative. 

1. Serous periostitis is rare, and is the mildest form of infective 
inflammation of the part. The exudation is highly albuminous. 

2. Proliferative periostitis is common as a result of injury and of 
syphilis. A projecting node is formed of proliferated cells from the 
deeper layer of the periosteum, as well as of emigrated leucocytes. 
These cells may disappear, or may, as in other cases, be succeeded by 
fibrous tissue. This may ossify: it very rarely breaks down.  Ossifi- 
cation begins in that part of the new tissue which is in contact with the 
surface of the bone. The vessels entering the Haversian canals in the 
latter are, on account of the elevation of the periosteum, more or less 
vertical to the surface; hence the new Haversian canals have the same 
direction. These new canals are at first well defined and easily separable 
from the old, but both ultimately become blended. The periosteum of 
bones lying just beneath the skin is especially liable to proliferative 
inflammatory changes. Inflammatory enlargement of a bone is always 
due to periostitis. 

3. Suppurative periostitis is generally a part of the infective disease 
known as acute necrosis or osteomyelitis. This disease is often associated 
with injury. It affects growing bones, and rarely, if ever, occurs after 
union of the epiphyses. It is believed that in most cases pyogenic 
organisms lodge in the wide capillaries of the shaft, close to the epi- 
physial dise, and excite suppuration. This spreads outward along the 
dise and then beneath the periosteum. Sometimes the organisms may 
affect the periosteum primarily. In both cases, pus, forming beneath 
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the periosteum, rapidly separates it from the bone. The vessels passing 
inward from the periosteum are thus greatly stretched, and this, together 
with the primary damage to the vessels, induces thrombosis im many of 
them. Hence superficial necrosis is the usual result ; but if the medulla 
also has suppurated, the necrosis will be total—i. e., will involve the 
whole thickness of the shaft. Pyzmia may occur if the abscess is left 
unopened ; and this is the condition in which infective fat-embolism is 
most likely to occur. In septic osteomyelitis, following operations in 
which the medullary cavity has been opened, a diffuse suppurative 
inflammation attacks the medulla and, to a less extent, the periosteum, 
causes total necrosis of large portions of bone, and very frequently pro- 
duces a fatal result from pyzemia (p. 326). 


Inflammation of Bone. 


Osteitis is generally divided into two principal varieties : (1) rarefy- 
ing osteitis or caries, and (2) condensing osteitis or sclerosis. 

1. Rarefying Osteitis (Caries) —In the mildest form the occurrence of 
granulation-tissue is the first change observed. ‘This occurs much oftener 
in cancellous (vertebre, tarsus, carpus, epiphyses of long bones) than 
in compact bone. A round-celled infiltration takes place in the medulla 
and presses into the Haversian canals; the fat-cells and the hard sub- 
stance of the bone disappear before it—cancellous trabeculz are eaten 
through and Haversian canals widened. A section shows spaces crowded 
with cells, often developing here and there into fibrous tissue. On the 
surface of the bone, bordering these spaces, are seen semilunar erosions, 
as if small bites had been taken out of it. These are called Howship’s 
lacunee. Each contains leucocytes and epithelioid cells, and often a 
giant-cell. The giant-cells erode the bone. The normal bone-corpuscles 
remain unchanged so long as they are distinguishable. This process may 
be described as an ulceration or caries of bone without formation of pus 
(caries sicca). Nothing is more natural than thata bone thus weakened 
should yield to pressure ; thus the bodies of vertebree may almost dis- 
appear, those above and below becoming approximated (Pott’s disease); 
while the shafts of long bones bend, as is seen in osteitis deformans and 
other diffuse inflammations. The inflammatory tissue may pursue any 
of the courses mentioned on pp. 166 ef seq. 

In a very early case absorption of the inflammatory exudation may 
occur, and regeneration make good any loss of bony tissue which has 
taken place ; but when marked destruction of bone has occurred, heal- 
ing can only be effected by the formation and ossification of scar-tissue. 
This occurs in cases of healed spinal curvature without abscess. Too 
often, however, the cells degenerate, and a cold abscess results (p. 167). 
When this is open, the ulcerating, carious surface of bone is exposed. If 
healing occur, it is by the process just described. Caries resulting in 
cold abscess is generally a manifestation of tuberculosis. It is some- 
times due to syphilis. 

If the infiltrating granulation-tissue degenerate (p. 363), death of 
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the infiltrated bone ensues: the pieces which come away are generally 
of small size—caries necrotica, 

2. Condensing Osteitis (Sclerosis)—In the most chronic forms of 
osteitis no rarefaction of bone occurs ; the new growth slowly ossifies 
and the Haversian canals and cancellous spaces diminish. The bone 
consequently becomes extremely heavy and ivory-like ; it is generally 
thickened irregularly from coincident periostitis. Syphilis is the com- 
monest cause of this change, especially in the long bones and in the 
bones of the skull. It is said that simple closure of a large number 
of Haversian canals may lead to death of the affected bone. In 
syphilitic necrosis of the skull the sequestrum is often very dense ; it 
has probably been killed by degeneration and death of the inflam- 
matory products in the bone around the sclerosed patch, with the con- 
sequent destruction of the few vessels which entered it. 

Nothing is commoner than to find rarefying and condensing osteitis 
combined. Osteoplastic periostitis and condensing osteitis frequently 
exist around carious patches: the surrounding bone is thus rendered 
thicker and denser. It may be that this less acute inflammatory 
process is coupled with true hyperplasia of the bony tissue. 


Necrosis of Bone. 


It has already been shown that death of bone may follow, in several 
ways, different forms of inflammation, each leading, however, to 
destruction of vessels and arrest of nutrition. 

This result may be brought about by any injury which strips off the 
periosteum and breaks up the medulla; but the extreme rarity of 
necrosis, even in the most serious simple fracture, shows that injury 
alone, with such inflammation as it excites, is scarcely to be regarded 
as a sufficient cause. It may, however, act indirectly by preparing a 
nidus for pyogenic and other infective organisms, as in compound 
fractures. Such intense irritants so diminish the vitality that more 
or less extensive thrombosis, with death of the parts, ensues. 

Suppuration, beneath the periosteum and in the medulla, is the 
commonest cause of necrosis. This result is more often produced in 
compact than in cancellous tissue, owing to the greater ease with which 
the exudation can compress the vessels in the smaller and less numer- 
ous channels of the harder tissue. In rarefying and condensing osteitis, 
death of the infiltration may produce necrosis more gradually. 

The piece of dead bone is called a sequestrum: it is cast off by a 
process of caries. It may be total—involving the whole thickness— 
superficial, or central—the last being much the rarest. 

Considerable difficulty is often experienced in the removal of the 
sequestrum, especially if it be deeply seated. This difficulty is oeca- 
sionally (in central necrosis) due to the persistence of a layer of the old 
bone enclosing the necrosed portion. Much more frequently, how- 
ever, it is owing to the participation of the periosteum in the inflam- 
matory process. The inflamed periosteum produces new bone, and 
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the bony capsule (involucrum) thus formed encloses the sequestrum. 
Openings (cloace) exist in this capsule leading to the dead bone, and 
through these openings the inflammatory products are discharged. 
When the sequestrum is quite superficial its removal is, of course, 
more readily effected. 


Mollities Ossium. 


Mollities ossium, or Osteomalacia, is a rare disease, occurring only 
in adults, and especially in pregnant women who have borne many 
children. It is characterized by progressive decalcification of the 
bones, whilst the marrow increases steadily and becomes converted into 
a vascular round-celled structure. All bone is gradually absorbed, 
except a thin layer beneath the periosteum; so that in extreme cases 
the bones become mere shells. They are very light, easily cut with a 
knife, and bend or break readily. Early in the disease fractures may 
still unite. On section, in early stages, the cancellous spaces and 
Haversian canals are enlarged and full of a reddish, gelatinous sub- 
stance, which at a later period may become yellow and fatty. 

The nature of the disease is obscure. The pelvic deformity is 
of chief importance: the sacrum is pushed downward by the weight 
of the body, and the acetabula upward and inward by the resistance 
of the femora, thus greatly shortening the two oblique diameters 
(p. 392). 

Lactic acid has been found in the bone—the reaction of which 
is said to be acid—and in the urine. The latter usually contains 
excess of calcium salts which have been removed from the bone and 
excreted. 


Rickets. 


This disease of children is so frequent in the towns of England 
that it has acquired on the continent the name of the “ English 
disease.” It appears to be caused by defective hygienic conditions, 
especially by bad air and improper feeding. It is particularly common 
in children brought up by hand. It may probably be said that all 
conditions which materially interfere with the nutrition of a child aid 
in the causation of rickets; among these, the absence of fresh food 
ranks highest. Diets deficient in fats or in carbohydrates seem some- 
times to be sufficient causes. 

The disease is mainly characterized by changes affecting the growing 
parts of bones, and is therefore most marked where growth is most 
active—viz., at the epiphyses and under the periosteum of long bones, 
and at the margins of flat bones. These changes produce undue 
thickness and softness, which, in their turn, lead to projections and 
curves, according to the direction and degree of the pressure on the 
softened bones. The bone-lesions are accompanied by symptoms of 
general ill-health, and often by enlargement of the liver, spleen, and, 
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less often, of the kidneys and lymphatic glands, due chiefly to increase 
of their interstitial connective tissue. 

The essential changes in the bones are (1) an excessive absorption 
of pre-existing bony tissue, and (2) an extensive formation of osteoid 
tissue (p. 104), which very gradually and very imperfectly undergoes 
calcification. It will be remembered that if a section of the end of a 
healthy growing long bone be examined, a straight line is seen where 
the white epiphysial cartilage is adherent to the shaft (Fig. 220), which 


Fra. 220. 


Growing ends of (A) rickety and (B) normal ribs. Bis taken from an older child and is there. 
fore larger (see text). 0, rib; c, costal cartilage ; d, transition zone. 3. 


here consists of loose cancellous tissue, with spaces filled with red mar- 
row. Between the bone and the epiphysis is a blue semi-translucent 
band about one millimetre broad with practically straight margins. 
Microscopically, the blue line is found to consist of the one or two 
layers of cartilage-cells which normally multiply and enlarge, forming 
the well-known oval groups among which ossification proceeds. The 
septa between these groups become very thin and, in the immediate 
neighborhood of the shaft, undergo calcification. A sudden transition 
from the cartilage-cells to those of the vascular red marrow is seen in 
these spaces. As soon as these spaces (primary arcole) with calcified 
walls become occupied by the round-celled marrow, absorption begins, 
and adjacent spaces open into each other and form the larger secondary 
areole, On the walls of these, laminze of bone are deposited, including 
osteoblasts in the lacunz between them; and thus Haversian systems 
are gradually developed. The calcified cartilage-matrix is darker and 
more granular than the bone laid down by the medulla which gradually 
replaces it. ' \ 

Tn a rickety bone the blue transition-zone is at least ten times wider 
than normal, affecting many rows of cartilage-cells ; while its outlines, 
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both toward the bone and toward the cartilage, are very irregular (Fig. 
220). The calcification of the matrix occurs without any regularity. 
In the cartilage, among the long rows of proliferated cells, will be found 
spaces which arise as outgrowths from the medulla and contain vessels 
and medullary tissue. Just reaching and partly surrounding these are 
thick irregular trabecule of osteoid tissue, which enclose masses of car- 
tilage, here and there calcified, and of medulla. The trabeculee are 
thickest and most extensive on the medullary side of the proliferating 
cartilage-cells. In the central parts of some of the thickest trabeculee 
small patches of true bone may be seen. A few of the cartilage-cells 
may become converted into marrow cells, as in normal ossification ; but 
a large number are converted directly, without any rupture of their 
capsules, into the cells of the osteoid tissue (Fig. 221). 

In flat bones the process begins by a very marked absorption of the 
already formed bony trabecule. Upon the remnants of the old bone, 
as well as in the spaces between them, osteoid tissue is deposited so as 
to form new trabecule in the marrow. The formation of the osteoid 
tissue is preeeded by a spindle-celled embryonic tissue. Beneath the 
periosteum osteoblasts form and osteogenic fibres appear. rom these, 
osteoid tissue is formed. In general terms the growth of osteoid tissue 
in the medulla may be said to resemble the formation of internal callus, 
while that deposited frem the periosteum similarly resembles external 
callus (Ziegler). 

Bones consisting of soft rickety structure yield more or less readily 
under pressure, or break under slight violence. The fracture, however, 
is generally incomplete. As bending occurs, a buttress of bone is de- 
posited along the concave side of the curve. This is often seen in the 
femur and tibia, giving the bones a flat, somewhat razor-like appearance. 
The position and extent of the curving will depend to some extent upon 
the relative proportion which the changes at the epiphyses bear to those 
beneath the periosteum. 

These changes afford a ready explanation of (1) the thickening of 
epiphyses, (2) the displacements which occur about the junction of 
shafts with epiphyses, (3) the’ thickenings of the edges, and the irregu- 
larities on the surface, of cranial bones, and (4) the abnormal curvature 
of bones under pressure—all of which are common phenomena in rickets. 

The process just described seems to be injurious to the subsequent 
growth of the epiphyses. They often join the shafts prematurely, and 
thus cause permanent shortening of the bones. : 

Among the most important of the deformities resulting from this 
disease is the rickety pelvis. There are two forms. The first shows 
shortening of the antero-posterior diameter only, and occurs in cases in 
which the child, being unable to walk, is kept lying down. The second 
resembles the osteomalacic pelvis, both in its shape and in the mechanism 
of its production, for it occurs in children who are able to walk about 
(p. 390). In a rickety thorax, the growing anterior ends of the ribs are 
softened and much enlarged, especially on the visceral side. The soften- 
ing leads to a sinking in of the softened parts and to a corresponding 
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Liicely pale 


Growing end of rickety rib. a, cartilage; b, b’, b”, vascular medullary spaces Within cartilage ; 
c, d, proliferating cartilage-cells; ¢, calcified cartilage; jf, vascular channels; g, trabeculz 
of usteoid tissue; h, vascular medulla ; 7, true ossification occurring in osteoid trabecule. 
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pushing forward of the sternum ; while the enlargements produce a row 
of nodules on each side of the thorax, diverging from above downward 


(rickety rosary). 


II. DISEASES OF LYMPHATIC GLANDS. 


Inflammation. 


Examples of acute inflammation of lymphatic glands (acute lymph- 
adenitis) are furnished by the inflammation of the axillary glands which 
may follow a wound on the hand; of the inguinal glands, in a case of 
soft chancre ; and of the lymphoid follicles of the intestine in inflam- 
mation of the intestinal mucous membrane. 

Acute inflammation of lymphatic glands is generally due to the action 
of bacteria or their toxines conveyed from a primary focus of inflam- 
mation (diphtheritic, erysipelatous, scarlatinal, chancrous, etc.) A 
gland affected by acute inflammation becomes intensely vascular, and 
the seat of free exudation. The escaping leucocytes accumulate in its 
tissues and sinuses, until all distinction between medulla and cortex has 
disappeared, while the gland is swollen and its substance is soft, pulpy, 
and often dotted with hemorrhages. Leucocytes in the lymph coming 
from the primary focus are also detained in the gland. 

Upon the removal of the injurious influence, the process may 
gradually subside, and the new elements undergo disintegration and 
absorption, the gland gradually returning to its normal condition 
(resolution). 

In other cases the process may be more intense and go on to sup- 
puration. Scattered areas may necrose, trabecule be destroyed, many 
of the cells become disintegrated, and the loculi of the gland become 
filled with pus. This is usually associated with inflammation and sup- 
puration of the surrounding connective tissue. In the glands of a 
mucous membrane the process gives rise to what is known as a_follic- 
ular abscess (p. 396). In still more acute cases the exudation may be 
largely hemorrhagic. 

Chronic inflammation of lymphatic glands results from the presence 
of irritants which, while less severe, are more prolonged in their action 
than those which give rise to the acute form. The commonest infective 
causes are tuberculosis and syphilis, and the commonest non-infective 
cause is the presence of dust, and especially particles of carbon. The 
lymphadenitis due to tuberculosis or syphilis is marked by increase in 
the number of cells, followed by fatty degeneration and caseation. The 
gland may be enlarged to many times its natural size. In some cases 
the reticulated network becomes thicker and more fibrous, its meshes 
becoming smaller and smaller ; the lymph-cells diminish in number ; 
and the gland becomes hard and fibrous (Fig. 222). Probably in these 
chronic cases the cells of the gland-substance and the flat connective- 
tissue cells covering the trabecule multiply, and assist in forming the 


cos} 
new cells. Fatty patches are frequent in such glands. In lymph- 
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adenitis due to the presence of dust the thickening of the reticular net- 
work is the principal change. ‘This may also form the final stage of 
acute lymphadenitis. 


Fic. 222. 


Chronic infammation of a lymphatic gland. Showing the increase in the stroma, and the 
diminution in the number of the lymphoid cells. x 200. 


Post-nasal “Adenoids.” 


Masses of adenoid growth not infrequently develop from the roof 
and posterior surface of the naso-pharynx in weakly children. These 
masses consist of ordinary soft lymphoid tissue -vith the cells here and 
there more closely aggregated into follicles (Fig. 223). The growths 
are covered by ciliated epithelium. They intertere with the passage of 
air through the nose, and often block the orifices uf the Eustachian tubes. 
In a few instances they show tubercular changes. 


Cpe 

Sy Ppp ts 

waz oe 
Fat 


Section through a post-nasal adenoid growth. a, soft lymphoid tissue with extremely little 
stroma; b, b/, lymphoid follicles, cells more closely aggregated. > 70. 


Hodgkin’s disease (lymphadenoma) will be considered under Diseases 


of the Blood. 
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III. DISEASES OF MUCOUS MEMBRANES. 


There is sufficient similarity between the diseases of the various 
mucous membranes to justify a general consideration of their characters. 


Inflammation. 


It is convenient to distinguish certain varieties of inflammation of 
mucous membranes according to the degree of damage to the tissues, 
the depth to which it extends, and the general character of the 
exudation. In each of these varieties the usual changes in the blood- 
stream and vessel-walls occur (p. 153), leucocytes and fluid escaping 
into the tissues and on to the surface of the membrane. The two 
main varieties into which inflammation of mucous membranes may 
thus be divided are (1) catarrhal, in which the exudation remains 
fluid ; and (2) fibrinous, in which it coagulates, forming the so-called 
false membrane on the surface. 

Catarrhal Inflammation.—In this form the exudation may be serous, 
mucous, mucopurulent, or purulent, according to the nature and 
intensity of the irritant. 

Serous Catarrh.—In acute cases the earliest signs of simple inflam- 
mation (p. 173) are rapidly followed by a copious watery exudation 
from the surface, and the tenderness and pain are soon relieved. 
When the onset is less acute, the early changes are less marked, the 
exudation being usually the first thing noted. These changes are fre- 
quently met with in ordinary nasal catarrh. 

Mucous Catarrh is characterized by increased production of mucus 
derived from the surface-epithelium or secreted by the mucous glands 
(Fig. 224). The mucus escapes with the serous exudation, or remains 
more or less adherent to the surface, as is often seen in chronic 
pharyngitis. Sometimes the seromucous discharge is practically 
clear ; at others, it is more or less opaque: in the former case, it con- 
tains only a few cells: in the latter, a large number. The cells are 
either escaped leucocytes or desquamated epithelial elements, detached, 
for the most part singly. 

Purulent Catarrh.—lf the irritation be more intense and give rise 
to a proteolytic ferment, the number of leucocytes escaping will be 
still greater, and the secretion will be purulent or mucopurulent. In 
such cases the epithelium is often detached in considerable masses, 
and the underlying tissue markedly infiltrated with leucocytes. The 
basement-membrane is cedematous and the whole mucosa swollen. 
All lymphoid structures in the mucous membrane are generally affected. 
The lymph-follicles swell, their contents soften, and minute abscesses 
are formed: the latter burst and leave the small ulcers ( follicular 
ulcers) so often seen in severe catarrh of the intestines and pharynx. 
The ulceration in some cases extends beyond the confines of the 
follicle. Not infrequently the proper glandular structures also become 


DISEASES OF MUCOUS MEMBRANES. 397 


involved, and their ducts may become choked with the products of 
their altered secretion. 

The acute process may quickly subside, or it may become chronic. 
In the former case the damaged epithelium is soon replaced, the repair 
often beginning before the vascular changes have disappeared. In the 
latter case (chronic catarrh) the hypersemia diminishes, but the escape 
of leucocytes and the multiplication and desquamation of epithelial 
cells continue, while the sub-epithelial tissue remains extensively infil- 


Recent catarrhal bronchitis. a, ciliated cells; a,, deep layers of cells; b, goblet-cells; c, cells 
that have undergone extreme mucoid change; ¢c,, mucoid cells whose nuclei have under- 
gone a similar change; d, desquamated mucoid cells; e, desquamated ciliated cells; 
f, deposit consisting of mucus-droplets, and, f,, of mucus-filaments and pus-corpuscles; 
g, exeretory duct ofa mucous gland filled with mucus and cells; h, desquamated epithelium 
of the excretory duct; 7, persistent epithelium of the duct; k, swollen hyaline basement- 
membrane; /, connective tissue of the mucosa somewhat infiltrated with cells: m, dis- 
tended bloodvessels: m, mucous glands filled with muneus; 7,, acini of mucous gland with- 
out mucus; ov, migratory cells in the epithelium; p, cellular infiltration of the connective 
tissue of the mucous glands. » 120. (Ziegler.) 


trated with leucocytes. Later on, the epithelium and the glands may 
undergo atrophy, while the sub-epithelial connective tissue may become 
more and more extensively infiltrated with small cells, leading ultimately 
to marked inflammatory fibrosis. When stretching of the mucous mem- 
brane accompanies atrophy of the glands, as in chronic ecatarrh and 
dilatation of the stomach, the membrane is often much thinner than 
normal. The changes in the subepithelial connective tissue are usually 
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accompanied by enlargement of the lymphoid structures—an enlarge- 
ment which sometimes gives to the membrane a nodular or granular 
appearance. ‘This is well seen in the pharynx ( follicular pharyngitis). 
The enlarged lymphoid structures may ulcerate, and the muscular and 
elastic tissues, although they lie some distance from the surface, may be so 
far weakened that when considerable pressure is put upon them—as by 
the cough of chronic bronchitis—they may give way, and permit dilata- 
tion of the tubes they surround. The muscularis mucosee when damaged 
is never completely repaired. After death any hyperemia present 
rapidly disappears, and is seldom recognizable even in severe cases : the 
mucous membrane may even look paler than natural; but, after 
repeated inflammation of any intensity, more or less dark-gray pig- 
mentation from extravasated blood will, in most situations, bear evi- 
dence of the former attacks. These appearances can readily be seen 
in a chronically inflamed bladder such as is associated with stricture of 
the urethra, or enlarged prostate. 

Etiology.—The causes of eatarrhal inflammation are (1) changes in 
the composition of the contents of the cavities or tubes lined by mucous 
membranes ; and (2) the presence and growth of bacteria and other 
parasites. 

As examples of the first of these causes may be quoted the produc- 
tion (1) of bronchitis by metallic particles in the respired air; (2) of 
gastric catarrh by the action of alcohol ; and (3) intestinal catarrh from 
the passage of irritating ingesta. As examples of the second group 
may be quoted the catarrh of the large intestine due to the presence of 
thread-worms, and the urethral catarrh caused by the introduction and 
growth of gonococci. 

The two causes above mentioned may frequently be combined. 
They are probably assisted to some extent by exposure to cold, as in 
intestinal catarrh, and by certain abnormalities in the circulatory blood 
such as are believed to exist in gout. 

Fibrinous Inflammation.—This term is applied to those inflamma- 
tions of mucous membranes and open wounds which are characterized 
by the production of a fibrinous layer or so-called false membrane— 
such as is seen in diphtheria. On mucous surfaces the exudation may 
exist in little patches or may cover a large area. It is usually of a 
yellowish or grayish-white color, and its consistency varies from a firm 
and tough membrane to a soft, pultaceous material ; it may be deeply 
blood-stained. It is more or less easily separable from the subjacent 
tissue, and when removed carries at least the surface-epithelium with 
it. In thickness it may vary considerably in different parts. The 
two words—croupous and diphtheritic—are often used as synonymous, 
but in this classification they will be employed to denote two degrees 
of fibrinous inflammation of mucous membranes. An inflammation is 
called croupous when the membrane involves no more than the epithe~ 
lium of a mucous membrane, and diphtheritic when it involves the whole 
mucosa. This difference in the depth of the tissues involved is probably 
due to variation in the intensity of the irritant, the extent of the false 
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membrane in diphtheritic inflammation being due to the coagulation- 
necrosis (p. 34) of the involved mucous membrane. The term diphthe- 
ritic does not imply any necessary connection with diphtheria, although 
this disease undoubtedly furnishes the best examples of diphtheritic 
inflammation. According to Cohnheim, the process is more likely to 
be superficial in those situations where a distinct basement-membrane 
exists—as in the pharynx and respiratory tract—than in those where 
this is not the case—as in the intestines and conjunctiva. 

The two kinds of false membrane differ in their characters. The 
croupous is superficial, and easily stripped off. It consists of several 
layers of fibrin containing in their meshes leucocytes, desquamated 
epithelial cells, and débris ; and lies on the surface of the hyperemic 
mucous membrane, which is denuded of its epithelium and infiltrated 
with leucocytes. The diphtheritic membrane is separated with diffi- 
culty. Superficially, it closely resembles the croupous membrane, but 
the deeper parts consist of necrosed tissue. In advancing cases there 
is no sharp line between the coagulated and living tissue-elements. 

Etiology.—The apparent causes are very varied. False membranes 
are found (1) on the tonsils, larynx, and other parts in true diphtheria 
and other acute specific diseases, or as a result of scalds or of the appli- 
cation of caustic chemicals ; (2) in the bladder after parturition (when 
a complete cast may be expelled), and in the most acute cystitis ; (3) 
in the vermiform appendix, sometimes from the irritation of a con- 
cretion ; (4) in the lower part of the large intestine in dysentery ; and 
(5) as a chronic change in the air-tubes in plastic bronchitis. It may 
be noted here that false membranes sometimes form upon granulating 
wounds, and it is held by some that there is no real distinction between 
such cases and those of true diphtheria of wounds and of hospital gan- 
grene. It seems most probable, however, that there is an etiological 
difference, for false membrane on granulations may be induced by 
merely blistering the surface. 

Although the above facts show that false membranes may result 
from the action of simple irritants, the great majority met with in man 
are due to the action of pathogenic organisms, for most of them are 
contagious and organisms are found in almost all cases. The etiology 
of diphtheria has already been considered (p. 306). 

Effects.—The effects of inflammation of mucous membranes, whether 
eatarrhal or fibrinous, depend very largely upon the size and function 
of the tubes or cavities involved. Acute catarrh generally gives rise 
to pain and to spasm of the involuntary muscular tissue, as is seen in 
the intestinal catarrh of children. When the tubes affected are small, 
obstruction to the passage of the secretions which they convey may 
lead to serious results. Thus catarrh of the small bronchial tubes or 
diphtheritic inflammation in the larynx and trachea may so obstruct 
the entrance of air that the oxygenation of the blood is gravely inter- 
fered with, while catarrh of the bile-ducts may similarly prevent the 
bile reaching the intestine and lead to jaundice (p. 79). When much 
inflammatory fibrosis has occurred, marked irregularity or narrowing 
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(stricture) of the lumen of the affected tube may result. The best 
illustration of this termination is seen in the result of repeated attacks 
of gonorrhoea. In this disease the purulent catarrh of the urethra is 
often followed by so much proliferative inflammation of the submucous 
tissue that the lumen of the tube is almost occluded. In structures of 
less importance, if the occlusion is complete, retention-cysts may be 
formed by distention behind the stricture (p. 146). When the ob- 
struction is permanent but not entire, hypertrophy of the muscular 
walls above the stricture is usually found (p. 150). 


Gastric Ulcer. 


It occasionally happens that the nutrition of some small area of 
the wall of the stomach is interfered with, either by some local dis- 
turbance in its blood-supply or by some injury to its mucous surface. 
When this occurs the gastric juice, especially if its acidity be increased, 
acts upon the damaged or necrosed area and rapidly produces an ulcer. 
Such lesions may be found both in the stomach and in the upper part 
of the duodenum, but are commonest near the pyloric end of the lesser 
curvature of the former organ. 

When seen in their most acute stage these ulcers are generally less 
than an inch in diameter. The inflammatory changes in the walls of 


Fig. 225, 


Acute perforating gastric ulcer. a, perforation in peritoneum; b, peritoneum; c, muscular coat 
of stomach; d, mucous membrane. 


the ulcer are so slight that the latter are not appreciably thickened. 
The ulcer varies in depth: in some cases it only reaches the sub- 
mucous tissue; in others it may penetrate the muscular and even the 
peritoneal coat as well. In the latter case the aperture in each coat 
is smaller than that in the coat immediately above it, so that the hole 
or uleer has a funnel-shaped or shelved appearance when seen from 
the interior of the organ (Fig. 225). When the process of formation 
is more gradual, this shelved appearance is lost and some slight thick- 
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ening of the walls is visible. Any organ adjacent to the ulcerated 
part of the stomach—e. g., pancreas or liver—may become adherent and 
the ulceration may extend into its substance, so that it may form the 
floor of the ulcer. The longer the ulcer has existed the less typical 
are its appearances ; when some weeks or months have elapsed, its 
outline becomes irregular, its walls thickened, its floor roughened, and 
its extent often considerably increased. 

Healing may occur by regenerative proliferation of the adjacent 
undamaged tissues. In this process even the glands may to some 
extent be reproduced ; but some puckering always remains as a result 
of the inflammatory repair, and the muscular layers are rarely, if ever, 
regenerated. In the course of such an ulcer, especially of the acute 
variety, two accidents are very liable to occur. The first of these is 
severe hemorrhage. When it is remembered that the principal vessels 
supplying the walls of the stomach lie in the submucous tissue, it is 
easy to understand how readily one of these main trunks may be laid 
open by the necrotic process just described. The second accident is 
perforation of the wall of the stomach. In the case of deep and acute 
ulceration the peritoneal coat is not infrequently perforated before 
the wall of the stomach has become firmly adherent to any other organ. 
Copious or repeated hemorrhage may give rise to fatal anemia and 
syncope : perforation is almost invariably followed by acute suppura- 
tive peritonitis. 


Ulceration of the Small Intestine. 


In the small intestine the forms of inflammation which require special 
consideration are principally those in which the lymphoid tissue is mainly 
involved. Some inflammatory swelling of Peyer’s patches and the 
solitary glands occurs in diphtheri ia and in scarlet fever, but in neither of 
these diseases does the lymphoid tissue often undergo necrosis, and only 
rarely, therefore, does ulceration occur. On the other hand, in tuber- 
cular infection of the intestine, ulceration is usual ; and in typhoid fever, 
almost invariable. Tubercular infection has already been considered 
(p. 360): the lesions occurring in typhoid fever will now be described. 

Typhoid fever is an acute infective disease, generally attributed to the 
action of the Bacillus typhosus (p. 302). 

The ordinary duration of the fever is three or four weeks, and the 
temperature as a rule both rises and falls gradually. The most charac- 
teristic lesions are found in the solitary and agminated follicles of the 
intestine, the corresponding lymphatic glands, the spleen, and sometimes 
the red marrow. ‘The intestinal lesions are the most constant, and their 
various stages correspond so closely with definite clinical conditions, that 
we can usually judge of the state of the intestine from the symptoms 
and the day of the disease. It is generally believed that infection occurs 
from the intestine, and that the intestinal lesions are points of inocula- 
tion. Thence the organisms spread to the mesenteric glands, spleen, 
liver, and kidneys, and are occasionally found in the urine. 


26 
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The pathology and morbid anatomy of typhoid fever include other 
conditions due (1) to the direct action of the bacterial toxines and (2) to 
the depressing effects exerted by them upon the vitality of the tissues 
generally, which are therefore more than usually liable to invasion by 
other bacteria, such as pyogenic cocci and pneumococci. Thus, evidence 
of general poisoning is seen in the continued fever, which may assume 
a septic type, and even be accompanied by the formation of abscesses, 
probably resulting from a mixed infection. Cloudy swelling is found 
in many organs (p. 43), and the muscles are also especially liable to 
undergo the changes known as Zenker’s degeneration (p. 62). _Endo- 
carditis is rare. Ulceration of the larynx, especially about the epiglottis, 
is occasionally present, and may lead to cedema of the glottis or to necrosis 
of the cartilages. Bronchitis is usual, and broncho-pneumonia may super- 
vene ; cedema of the lungs is common in fatal cases ; and lobar pneu- 
monia is a rather frequent complication in some epidemics. 

The Intestine—The most characteristic changes in typhoid fever 
take place in the solitary glands and Peyer’s patches. In most cases 

the process is limited to those in the 


Fra. 226. ileum and cecum; and those glands 
are always most affected which are 
situated nearest to the ileo-czcal valve. 

A The cecum is involved in one-third of 

AZ saliva the cases; ulcers may be present even 

im A in the rectum, but in the great majority 
BNI of cases they are not found below the 
ee), mel ascending colon. It is, moreover, un- 
i | il = usual to find ulcers higher than nine 
i feet above the valve, but they may ex- 
tend into the upper part of the duode- 

Pwelling of Peyer's patches and solitary — um, or even bestound: 1methe stomach 

glands of the intestine, as seen in ; : : 

Pencid fever. The appendix vermiformis may also be 

affected. 

The first change observed is a hyperemia and cell-infiltration of the 
glands. Many of the cells increase considerably in size, and multi- 
nucleated forms are especially common. Both Peyer’s patches and the 
solitary glands thus become considerably enlarged and prominent, and 
stand up, as sharply circumscribed, evenly raised areas, above the sur- 
face of the intestine (Fig. 226). Sometimes they slightly overlap the 
adjoining mucous membrane, and are surrounded by a hyperemic zone. 
They are of a grayish-white or pale-red color, and of a soft brain-like 
consistence—the larger the size, the paler the color. The surrounding 
mucous membrane is also hyperzemic, and is the seat of an acute general 
eatarrh, which is most pronounced before the glands swell. The cell- 
ular infiltration, in many parts, rapidly extends beyond the confines of 
the glands into the immediately surrounding and subjacent tissues, and 
in some cases even into the muscular and serous coats. Bacilli can be 
readily found during this stage, which ends in the first half of the second 
week of the disease. 
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The process now passes into the second stage—that of the death and 
disintegration of the newly formed tissue. Many of the enlarged glands 
subside, the new elements become fatty and are absorbed, and the inflam- 
mation thus undergoes a gradual process of resolution. But in other 
glands the intensity of the bacterial poison (p. 304) causes death of the in- 
flamed lymphoid tissue. The necrosed tissues 
then separate. If a few scattered follicles in 
each patch have alone been destroyed, only small gee so 
sloughs will be formed ; and after the separa- ll ([ 
tion of these, the Peyer’s patches thus affected LLG 
will assume a peculiar reticulated appearance. 
If, on the other hand, as is most usual, the en- 
tire lymphoid mass is killed, this will separate 
as one or more large sloughs (Fig. 228), and 
the typical ulceration will be produced. Reso- CE Ne Se 

- : - = A typhoid ulcer in which slough 
lution or necrosis begins during the latter half Epaeniscipasmrated: 
of the second week. In the case of necrosis, 
the sloughs separate toward the end of the third, or during the beginning 
of the fourth week. This is the period of danger in which either severe 
hemorrhage or perforation into the peritoneal cavity may take place. 


Fig. 228. 


A Peyer’s patch from a case of typhoid fever, in which death occurred at the beginning of the 
fourth week. a,a small ulcer from which the slough has separated, leaving a clean floor 
(muscular layer) and undermined edges; b, centre of Peyer’s patch, from which slough is in 
process of separation as a single mass, being only adherent at c. 


Although, as already stated, the cell-infiltration may extend beyond 
the confines of the glands, this is rarely the case with the ulceration. 
The peripheral infiltration undergoes resolution, and hence the ulcers 
have the same configuration as the original glands—those originating 
from the patches being oval, with their long diameters in the direction 
of the gut; and those originating in the solitary glands being circular 
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in shape, like those arising from partial sloughing of a patch. In rare 
cases, when there is much infiltration of the surrounding mucous mem- 
brane, the ulceration may extend slightly beyond the confines of the 
glands. An ulcer from a single Peyer’s patch may be five inches long, 
and the blending of ulcerated patches and follicles in the neighborhood 
of the ileocecal valve may affect so large an area, that this part of the 
intestine may seem to have lost almost all its mucous membrane. 

With the sloughing and disintegration of the new tissue the process 
of infiltration ceases, and hence there is no induration or thickening of 


Fig. 230. 
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A typhoid ulcer of the intestine (diagrammatic), A tubercular ulcer of the intestine (dia- 
showing the undermined edges of the ulcer grammatic). a, mucous membrane; }, 
and the slough still adherent. a, mucous submucous tissue; c, muscular coat; d, 
membrane; 6, submucous tissue; c, mus- peritoneum. 


cular coat; d, peritoneum. 


the base or edges of the ulcer. The base is smooth, and is usually 
formed of the submucous or muscular coat of the intestine. The edges 
are usually thin and undermined, and consist of a well-defined fringe 
of congested mucous membrane (Fig. 229). This is best seen when 
the gut is floated in water. In some cases, especially where there is 
surrounding infiltration, the edges are firm and thick. In others, again, 
the sloughing is deeper, and extends through the muscular layer to the 
peritoneum. The latter may either slough or give way under some 
muscular effort, either of the bowel when stimulated by improper food, 
or of the abdominal muscles when the patient is allowed to use them 
strongly. The perforation is generally small. As a rule, diffuse peri- 
tonitis (purulent) results : rarely, adhesions form and localize the inflam- 
mation. Peritonitis may also occur by simple extension from the gut, 
from an inflamed gland, or from a splenic abscess. Hemorrhage may 
occur from any vessel opened up during the separation of the slough. 
It is due either to insufficient plugging by thrombosis or to mechanical 
displacement of the thrombus after it is formed. 

The third stage of the process is that of cicatrization, which usually 
begins in the fourth week. This takes place by the resolution of the 
peripheral infiltration, the approximation of the undermined edges and 
their union with the floor of the ulcer, and the gradual formation of an 
epithelial covering by growth from the margin. The gland-structure 
is not regenerated. The resulting cicatrix is slightly depressed and less 
vascular than the surrounding mucous membrane. It is pigmented 
either uniformly, or only round the margin. There is no puckering or 
diminution in the calibre of the gut. In some cases, however, cicatri- 
zation does not take place so readily, and the floor of the ulcer becomes 
the seat of a secondary and more extensive ulceration. This may take 
place after the general disease has run its course, or during a relapse. 
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Profuse hemorrhage and perforation are common results of secondary 
ulceration, Only one ulcer may be affected by this secondary process, 
the rest having either healed or being in a fair way to become so. . 

Comparison between Typhoid and Tubercular Ulceration—lKrom the 
foregoing descriptions of typhoid and tubercular (p. 360) ulceration of 
the intestine, it will be noticed that these two conditions have one 
important character in common—viz., the uniformity with which both 
arise tn the lymphoid tissue. Hence in both cases the ulcers are most 
marked in the ileum opposite the mesenteric attachment, and may be 
limited to the Peyer’s patches and the solitary glands. There are, 
however, two characters possessed by tubercular ulcers which generally 
suffice to distinguish them from typhoid ulcers. The first is the much 
greater tendency of tuberculosis to spread by means of the vessels, and 
the second is the presence of outlying tubercles which invariably pre- 
cede the advance of the ulceration. Thus, the typhoid ulcer, remaining 
limited to a Peyer’s patch, has its long axis parallel to that of the 
intestine. On the other hand, the tubercular ulcer, often spreading 
transversely along the vessels before it has involved more than half the 
patch, has its long axis at right angles to that of the intestine, round 
which it may forma band. Again, as the slough separates, the floor 
of the typhoid ulcer tends to become cleaner and smoother, and its 
edges thinner and more undermined. On the other hand, the floor, 
base, edges, and adjacent peritoneum are, in the case of the tubercular 
ulcer, always thick and irregular from the presence of developing and 
degenerating tubercles (Figs. 229, 230). 

The Spleen.—In the spleen, the change resembles that which ordi- 
narily occurs in acute febrile diseases, although it reaches its maximum 
in typhoid fever; but it may be absent, especially in older patients. 
The splenic vessels are greatly distended and the pulp is crowded with 
corpuscles. The spleen is consequently enlarged, often attaining two or 
three times its natural size. Its consistence is fairly firm during the 
first week, but softer in the second and third. On section, the organ is 
at first dark-red and opaque-looking; a week later the Malpighian 
bodies are often prominent ‘and enlarged. Clumps of typhoid-bacilli 
are found in the spleen, but no local tissue-reaction is discoverable in 
the neighborhood. Necrotic areas somewhat resembling anemic infarcts, 
but not confined to the cortex, are occasionally found. These are prob- 
ably due to circulatory disturbances and not to the direct action of the 
bacilli, for in the latter case signs of local inflammation would be 
present. Large corpuscles, containing two or three normal or altered 
red corpuscles, may be numerous, and similar cells have been found in the 
blood. As the fever subsides (fourth week), the hyperemia diminishes, 
and some fibrous overgrowth occurs; otherwise the organ regains its 
normal characters and dimensions. 

The Mesenteric Glands.—The change in the mesenteric glands is 
probably secondary to that in the intestine. These glands become the 
seat of an acute cellular infiltration, and are enlarged, soft, and vascular, 
Usually, as in the spleen and many of the glands in the intestine, the 
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inflammation gradually subsides. In rare cases, however, the capsule 
of the gland is destroyed, and the softened matters may escape Into the 
peritoneal cavity and so cause peritonitis. The enlarged glands may 
also become caseous and subsequently calcified. 

The Marrow.—Ponfick has shown that in typhoid fever the marrow 
of bones, like the splenic pulp, may contain large cells, in which may 
be as many as twenty-five red corpuscles : these break down, and in the 
convalescent stage the large cells only contain pigment. 


Inflammation of the Appendix Vermiformis. 


The vermiform appendage is subject to the same morbid conditions 
as the rest of the intestines. Catarrhal inflammation of the mucous 
membrane is a common affection : if mild, it may give rise to no serious 
trouble ; if acute, it may spread to the muscular and serous coats of 
the organ (appendicitis), and thus give rise to local or general peritonitis. 
Other results of catarrh are blocking of the orifice of the appendix 
communicating with the cecum and the formation of concretions 
within its cavity. (1) When the orifice of the appendix is blocked, 
owing to swelling of the mucous membrane or to actual stricture due 
to cicatrization of an ulcer, mucous secretion accumulates behind the 
obstruction and distention of the organ results. Under these cireum- 
stances, as in cases of strangulation of a portion of intestine, the Bacillus 
coli communis, normally present, may develop increased virulence, and 
may pass through the wall of the distended appendix, reaching the 
serous surface and setting up peritonitis in the neighborhood ( perityph- 
litis), (2) Concretions may form within the lumen of the appendix by 
deposit of earthy salts around a nucleus of desquamated epithelium 
or inspissated mucus. These concretions may closely resemble foreign 
bodies, such as grape- or date-stones. In very rare instances actual 
foreign bodies (pins, bristles) may lodge in the appendix ; fecal material 
may also accumulate there and be moulded to the shape of the cavity. 
As a result of catarrh or of irritation by concretions, uleers may form 
in the walls of the appendix and perforation may occur. Typhoid 
fever, tuberculosis, and, in rare instances, actinomycosis may also cause 
ulceration of this organ. 

Gangrene of the appendix may be brought about by very intense 
inflammation (p. 29), or by cutting off of the blood-supply, owing to 
torsion of the organ upon its long axis or to acute kinking produced 
by contraction of its mesentery. 

Inflammation of the peritoneum in the neighborhood of the 
appendix may be of the “dry” type, leading to adhesion between 
neighboring parts, or may result in the formation of an abscess, 
the walls of which are formed by adjacent coils of intestine and the 
abdominal parietes. If the pus contained in such an abscess be not 
evacuated it may burst into the cecum or any other neighboring hollow 
organ, into the general peritoneal cavity, or through the “anterior 
abdominal wall. In other cases the abscess may burrow behind the 
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ascending colon and reach the under, or even the upper, surface of the 
liver. In cases of rapid perforation, or gangrene of the appendix, 
general purulent peritonitis may result, sufficient time not being allowed 
for the formation of adhesions. 


Dysentery. 


The changes occurring in dysentery are practically limited to the 
large intestine, and frequently do not extend above the rectum and 
descending colon, in which parts the disease is always most marked. 

Dysentery is a disease mainly characterized by ulceration and 
sloughing of large areas of the mucous membrane of the intestine. 

The local changes, however, vary considerably according to the 
intensity and stage of the disease. In the mildest forms and earliest 
stages the changes are most marked on the summits of the folds of 
the mucous membrane. These are found covered with a grayish- 
white layer of fibrinous material which, when scraped off, leaves a 
superficial loss of substance. The mucous membrane, generally, is 
hyperemic, softened, and spotted with petechie. The submucous 
tissue also is infiltrated with leucocytes, and the solitary glands are 
enlarged and prominent. 

When the process is more severe, the submucous tissue becomes 
more extensively involved, and the superficial layer of fibrinous 
material extends over wider areas, implicating more deeply the mucous 
membrane. The thickening of the intestinal wall, however, is much 
greater in some parts than in others, so that projections are produced 
upon the inner surface of the intestine corresponding with those parts 
which are the most affected. The enlarged solitary glands usually 
slough, giving rise to circular ulcers, which rapidly i increase in size. 
By the time the process has reached this stage, the muscular and serous 
coats have become implicated, the latter being covered with a layer of 
fibrin which forms adhesions to adjacent parts. The intestine is much 
dilated, and contains blood and disintegrating inflammatory products. 

In the most severe forms of this disease the necrosis is still more 
extensive. Large portions of the mucous membrane are converted 
into black rotten sloughs, and the submucous tissue is infiltrated with 
hemorrhagic exudation ; this is generally followed by suppuration, by 
means of which the necrosed portions of tissue are removed. 

If the inflammatory process subsides before death occurs the ulcers 
may gradually heal. When the loss of substance has not been con- 
siderable the edges of the ulcers may, by the contraction of the sub- 
mucous tissue, ‘become completely approximated. More commonly, 
however, the loss of substance is so great that large portions of the 
interior of the intestine are left uncovered, save by “fibrous tissue and 
islets of mucous membrane (Fig. 231). 

When the inflammatory process becomes chronic t the changes in the 
submucous connective tissue become more marked, and the new fibroid 
growth gives rise to considerable thickening and induration of the 
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intestinal wall, and to contraction and narrowing of the lumen. Some- 
times fibrous bands are formed, projecting into the gut. Abscesses and 
fistulous passages not infrequently occur in the thickened intestinal wall. 


Hig 2312 


Ulceration of descending colon from a case of chronic dysentery, from a patient who died of 
pysemic abscesses in the liver. The submucous tissue is extensively infiltrated and ulcer- 
ated, while all trace of the mucous membrane has disappeared. a, ulcerated submucous 
tissue; b, circular muscular layer; ¢, longitudinal muscular layer; d, connective tissue. 
x Ez. 


The etiology of dysentery is imperfectly known. By some it is 
attributed to the presence of amcebee (p. 248), by others to bacteria. 


Bren 232: 


Ulceration of large intestine in chronic dysentery. a, islets of ulcerated mucous membrane and 
thickened submucous tissue; b, muscular coat of intestine; ¢. deep ulcer exposing peritoneal 
coat. Natural size. : 


Not improbably both these agencies are capable of producing allied, if 
not identical, conditions. 
Extensive ulceration of the colon is sometimes met with apart from 
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true dysentery (ulcerative colitis). In these cases the internal surface of 
the colon is made up of sinuous islets of mucous membrane, with thick- 
ened submucous tissue. These islets are separated by large areas of 
exposed muscular wall, from which all trace of mucous membrane has 
disappeared. Any solitary glands present in the islets are unaffected. 


Tumors of the Stomach and Intestines. 


Stomach.—Primary carcinoma is the only new-growth frequently 
found in the stomach. In the male the stomach is the commonest seat 
of primary cancer, but in the female both breast and uterus are more 
frequently affected. The form of cancer found varies, to some extent, 


Carcinoma of pyloric end of stomach. a, mucous membrane of stomach; 0, thickened and 
contracted wall of stomach due to presence of new-growth; c, everted pyloric valve; 
d, duodenum. 


with its position. At the pylorus, which is affected in two-thirds of 
‘the cases, scirrhus, encephaloid, or even columnar epithelioma may be 
found. At the cardiac end, squamous epithelioma is not infrequent, 
while all forms are liable to undergo colloid degeneration. In what- 
ever part of the organ the cancer arises, it spreads most rapidly in the 
submucous layer, but always involves, to some extent, the muscular 
coats. As it extends it gives rise, in the interior of the organ, to 
fungating masses (Fig. 233) or to ulcers with hard edges and rough 
floors; and on the exterior, to adhesions to neighboring organs, due 
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to the direct spread of the growth. Secondary growths in the glands 
and liver are exceedingly frequent. When situated at the pylorus, the 
growth causes thickening and eversion of the valve into the duodenum, 
and narrowing of the orifice, leading to marked dilatation of the stomach 
at a comparatively early stage of the disease. 

Intestine. —Two varieties of new-growth are commonly found in the 
intestine—adenoma and carcinoma. 

Intestinal adenomata are generally polypoid in form. The glandular 
elements in the mucous membrane covering them are often so little 
increased that some of the tumors may with equal correctness be classi- 
fied as papillomata or fibromata, They are found in both small and 
large intestine. 

Almost every form of carcinoma may occur primarily in the intes- 
tine, but columnar epithelioma is certainly the commonest. The growth 
invades the submucous and muscular walls, but mainly projects into 
the interior, rapidly encircling, and seriously narrowing, the lumen of 
the intestine. Carcinoma of the intestine is a common cause of chronic 
intestinal obstruction in old people. The rectum, the flexures of the 
colon, and the cecum are the commonest parts involved. Secondary 
growths occur in the mesenteric glands and in the liver, sometimes 
before any symptoms have been produced by the intestinal growth. 
The peritoneum may be involved by direct extension or by metastasis. 


IV. DISEASES OF SEROUS MEMBRANES. 


The phenomena of inflammation affecting serous membranes vary 
with the nature and intensity of the irritant to which the condition is 
due. It is convenient to distinguish three varieties of cases: (1) The 
so-called “dry” cases, in which little exudation occurs; (2) those 
accompanied by free escape of serous or serofibrinous effusion ; and 
(3) those in which the fluid poured out is purulent. 

(1) “ Dry” Inflammation.—The sequence of events constituting in- 
flammation is the same in serous membranes as in other vascular parts, 
comprising dilatation of the bloodvessels, alteration in the characters 
of the blood-stream, exudation of fluid, and escape of leucocytes and 
occasionally of red corpuscles. The earliest visible sign of inflamma- 
tion is hyperemia, shortly followed by a loss of the natural polish of 
the endothelial surface. The cells of the endothelium become swollen 
and granular; they multiply rapidly, and many cells, injured by the 
irritant, are cast off from the surface (desquamation) (Fig. 234), At the 
same time leucocytes escape from the vessels and infiltrate the sub- 
endothelial tissue, some escaping on to the actual surface, accompanied 
by a slight exudation of fibrinous lymph, which forms a white or 
yellowish-white layer, more or less closely adherent to the damaged 
endothelium. This deposit of lymph tends to accumulate at points 
where pressure is least, as in the angles between adjacent coils of intes- 
tine. Microscopically, the exudation is seen to consist of a network 
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of coagulated fibrin containing within its meshes numbers of emigrated 
leucocytes. 

As the inflammation subsides, the hyperemia diminishes, and more 
or less adhesion takes place between the roughened surfaces of the 
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Inflamed omentum of a rabbit, showing changes in the endothelium. x 250. (Cornil and 
Ranvier.) 


serous membrane where they are in contact. The connective-tissue 
cells multiply and shoot processes into the layer of fibrin, which is 
gradually absorbed ; new vessels are formed in this connecting mass, 
and complete union by fibrous tissue thus takes place (Fig. 235). 
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Fibrinous pericarditis of two weeks’ duration. a, parietal pericardium with artery and vein; 
b, organizing layer of fibrin, with engorged vessels appearing as dark points on its visceral 
edge (b’); ¢, fibrinous mesh-work; d, organizing layer adjoining visceral pericardium (e) ; 
f, muscular wall of heart with subpericardial fat and vessels; g, line of union of the two 
inflamed surfaces, showing that by far the larger amount of fibrinous exudation is on the 
visceral side. » 6. 


Owing to the movements of the opposing surfaces one upon another 
it often happens that the newly formed fibrous connections are pulled 
out into threads or bands of varying thickness. In this way are 
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formed the peritoneal bands, which are important as a possible cause 
of subsequent intestinal obstruction, and the curious shaggy condition 
of the pericardium occasionally resulting from inflammation (cor 
hirsutum). 

(2) Serous Inflammation.—The hyperemia and roughening of the 
serous surface takes place in this as in the previous case, but the 
effusion of fluid from the vessels is much greater, and widely separates 
the usually contiguous surfaces, forming a large cavity bounded by the 
serous membrane. In many cases scarcely any lymph coagulates on 
the endothelium, and the effusion remains fluid and almost clear. In 
other instances a layer of lymph is deposited on the walls of the 
cavity, and the fluid itself contains flakes of coagulated fibrin (sero- 
fibrinous effusion). In the latter cases the fluid may coagulate to a 
jelly-like substance when withdrawn from the body. Occasionally the 
escape of red blood-corpuscles is so free that the fluid is more or less 
deeply blood-stained (hemorrhagic effusion). Subsidence of the inflam- 
mation is followed by absorption of the effused serum through the veins 
and lymphatics. In cases in which the effusion is very large, and the 
pressure produced upon the walls of the cavity correspondingly great, 
such absorption is hindered by the resulting compression of these ves- 
sels, and it may be necessary to withdraw artificially some of the fluid 
so as to diminish the tension and allow natural absorption to occur. 
When the fluid has disappeared, union of the opposed surfaces of the 
serous membrane will take place, as in the previous instance, wherever 
the endothelium is sufficiently damaged. 

(3) Purulent Inflammation.—In certain cases the nature of the irri- 
tant is such that it exercises a chemotactic influence on the leucocytes 
and causes a very free exudation of these cells into the serous cavity, at 
the same time giving rise to a proteolytic ferment. The effusion will 
then be purulent or seropurulent, according to the proportion of 
leucocytes and fluid which escape. Such purulent effusions do not 
tend to undergo spontaneous absorption, and must be artificially evacu- 
ated. If the pus remains in the serous cavity for any length of time, 
great thickening of the serous membrane occurs, as a result of the 
chronic inflammation existing in the subendothelial tissue ; the endo- 
thelial cells, to a great extent, disappear, and the cavity is lined with 
granulation-tissue throughout. Obliteration of the cavity takes place, 
as above, when the walls are allowed to come into contact. 


Etiology.—Inflammation of serous membrane is generally the re- 
sult of the presence of pathogenic organisms, which may be admitted 
either (1) by direct traumatism (penetrating wounds, rupture of viscera) 
or (2) by means of the blood-stream or lymphatics. The bacteria gen- 
erally found in cases due to traumatism are the common pyogenic cocci, 
or the Bacillus coli communis: in the second class of instances, the 
pneumococcus, the bacilli of tuberculosis and of glanders, and rarely 
the gonococeus, may be responsible for the condition. 

Exposure to cold was formerly considered to be an exciting cause, 
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and the possibility of such an occurrence is not absolutely disproved. 
It may undoubtedly act as a predisposing condition, rendering the 
tissues unable to resist bacteria accidentally present. The frequent 
occurrence of inflammation of serous membranes in diseases of the 
kidney shows that the poisonous substances circulating in the blood in 
such conditions are either exciting or predisposing causes of this form 
of inflammation. Serous membranes may be involved secondarily by 
extension of inflammation from the viscera which they invest, as hap- 


Fig, 236. 


Small intestine, showing chronic tubercular peritonitis. a, normal mucous membrane; b, sub- 
mucous tissue; ¢, circular muscular layer; d, longitudinal muscular layer; e, thickened 
subperitoneal tissue; /, chronic inflammatory tissue undergoing caseation near the free 
edge; g, caseated foci. X 12. 


pens to the pleura in cases of pneumonia, or to the peritoneum over a 
gumma in the liver or over an ulcer of the intestine. 

The same irritant cause is capable, under different conditions, of pro- 
ducing all the varieties of inflammation here distinguished. An example 
may be seen in the inflammation of the peritoneum due to the Bacillus 
tuberculosis (tubercular peritonitis). The simplest form consists in the 
deposit of a number of miliary tubercles in the subperitoneal tissue, as 
may frequently be seen over a tubercular ulcer. These tubercles may 
be scattered throughout the whole of the peritoneum. As the process 
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advances, a dry fibrinous exudation may become the most prominent 
feature and the coils of intestine be subsequently matted together by 
fibrous tissue. In other instances a large serous effusion takes place into 
the peritoneal cavity (ascites ); and, very rarely, a true suppurative peri- 
tonitis may be produced. It is possible, however, that in these last cases 
other organisms may aid the Bacillus tuberculosis in producing the sup- 
puration. 


Effects.—Simple dry inflammation of serous membranes is accom- 
panied by considerable pain, owing to the friction between the inflamed 
surfaces. Large serous effusions embarrass the action of the neighboring 
viscera, as of the heart in pericardial effusion, or of the lung in pleurisy : 
in the latter case collapse of the lung may take place owing to the press- 
ure of the fluid. In very chronic conditions, as in purulent pleurisy 
(empyema), the fibrous tissue, formed by the union of the opposing sur- 
faces, may subsequently, by its contraction, cause some local falling in 
of the chest-wall and consequent deformity. The inflammatory process 
may extend from the serous membrane into the substance of the under- 
lying organs, as is seen in the myocarditis which results from pericardial 
inflammation, and in the interstitial pneumonia which follows chronic 
pleurisy ; this fibrosis of the lung takes part in producing the retraction 
of the chest just alluded to (see Bronchiectasis), In peritonitis the 
extension of the inflammation into the muscular coat of the gut leads 
to paralysis of the muscle and consequent distention of the intestines 
(tympanites). 

In the case of the pericardium, the obliteration of the cavity by 
adhesions (adherent pericardium) results in throwing additional work on 
the heart, the contraction of which is impeded. Great hypertrophy 
of the heart may be produced to compensate for this impediment. In 
a few cases the tightness of the coat of fibrous tissue formed around the 
organ is such that no enlargement can occur, and cardiac failure is an 
early and necessary result. 

The fibrous material produced in tubercular peritonitis may be un- 
evenly distributed, giving rise to irregular masses of matted intestine 
or omentum. Caseation occurs in the new tissue, resulting in the 
formation of collections of puriform material. These “cold abscesses” 
may burst either into the intestine or through the abdominal parietes : 
if perforation occurs in both directions, a fecal fistula will result. 
Movement of the intestines is prevented by the fibrous adhesions be- 
tween the coils, and obstruction of the lumen of the gut may occur as 
the result of kinking produced by contracting adhesions. 

It is worthy of note that the adhesion of the two surfaces of a serous 
membrane resulting from inflammation is, in many cases, a protective 
condition. Thus fusion of the pleural surfaces over a tubercular vomica 
prevents the possibility of the ulcerative process extending into the 
pleural cavity with consequent pneumothorax, while adhesions around a 
gastric or intestinal ulcer are protective against perforation and resulting 
general peritonitis. 
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V. DISEASES OF THE BLOOD. 


Anatomy.—The blood is a fluid tissue, composed of cells and inter- 
cellular substance. The cells are the red blood-corpuscles, the white 
blood-corpuseles, and the blood-plaques. The intercellular substance 
is fluid. It is called plasma. 

The red corpuscles, erythrocytes, are doubly concaved disks, about 
7 w# in diameter, homogeneous, without nuclei, yellowish green to 
amber in color, and possessing a more or less active molecular mo- 
tion or “ streaming” through the plasma, with a tendency to grouping 
themselves into rolls or rouleaux. They are composed of hemoglobin, 
the coloring-matter, imbedded in a stroma. Being biconcave disks, 
and hence thinner at the centre than at the periphery, the central por- 
tion is paler. (Plate III., Fig. 3.) 

Pathologically the red cells show modifications in— 

1. Number.—Normally there are about 5,000,000 red cells in a 
cubic millimetre of blood taken from a male, and about 4,500,000 in 
the female. These figures vary considerably in health, but a marked 
increase per cubic millimetre is called polycythemia, and a marked de- 
crease oligocythemia. 

2. Shape.—Normal fresh blood, when spread in a thin layer upon 
a glass slide, begins to show within an hour modifications in the shape 
of the erythrocytes. This is a gradual death or necrosis, and under 
pathological conditions the identical modifications which have required 
an hour or more exposure in the normal blood are observed to be 
already present in the freshly drawn pathological specimen. 

3. Color.—In a dried specimen of normal blood the red cells can be 
stained only by the acid in a compound stain (monochromatophilic), as, 
e. g., eosin in “ Ehrlich’s triple stain” ; but in consequence of these 
degenerative or necrobiotic changes the selecting power is lost and the 
erythrocytes become polychromatophile—i. e., are stained partly by the 
basic elements of the stain; * so that in an advanced case of anaemia 
many red cells are purple, violet, or blue tinged, instead of all being 
stained pink by the eosin. 

4, Size—The diameter of a normal red cell may vary from 7 to 
8.5 #3; excepting in the newly born, where large and small cells abound, 
age and sex seem to exert no influence upon the size. Microcytes (2 
to 5 yw) are small red cells. (Plate III., Fig. 8, h.) They are rarely 
found in normal blood, and are pathological when numerous or con- 
stant. They are apt to be rather more spherical and darker than the 
normal disks. Macrocytes (9 to 15 m) and megalocytes (even larger, to 
20 y), always pathological, are derived from large nucleated red cor- 
puscles. (Plate III., Fig. 8, 7.) 

* Compound blood-stains contain at least two elements, an acid, like eosin, which 
colors the red corpuscles and the eosinophile or oxyphile granules of the eosinophiles ; 
and an aniline dye like methylene-blue, which colors the nuclei of leucocytes and the 
basophilic granules. The granules of polymorphonuclear leucocytes are called neutro- 


philic- -i. e., they are stained both by the acid and the basic elements of a compound 
stain. 
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5. Nucleation.—Normoblasts are red cells of the ordinary size, color, 
and staining, but are distinguishable by the presence of a nucleus 
(rarely two or more). This nucleus, intensely colored by basic stains, 
stands out sharply, is generally placed near the centre, and fills up a 
large portion of the cell. It may be extruded and free in the plasma, 
where the deep-blue color distinguishes it from the nucleus of a 
lymphocyte. 

Normoblasts present normally in the bone-marrow of adults are 
pathological in the circulating blood. Since they are precursors of 
erythrocytes, their presence is an evidence of a regenerative power in 
the blood, and therefore a good prognostic sign. They are to be found 
in all severe anemias, such as those dependent upon hemorrhage, inani- 
tion, or organic disease, but generally in small numbers. (Plate IIL, 
Fig. 8, j, k.) 

Megaloblasts are two to four times the size of an erythrocyte ; their 
nucleus is plump, larger than that of a normoblast, often placed at 
some distance from the centre of the cell, not so sharply defined, and 
does not stain so deeply. They are found in the bone-marrow of the 
embryo or young baby, but never normally in adults. Their proto- 
plasm and nucleus often show evidences of degeneration, the latter 
being apparently dissolved inside the cell, and so forming a megalocyte. 
Their presence is a bad prognostic sign, and is especially characteristic 
of primary pernicious anemia, though they are also found in small 
numbers in leukemia, and very rarely in extremely grave angemias. 
(Plate ITT., Fig. 8, m, n.) 

The white cells, or leucocytes, are, when freshly examined, colorless 
spherical cells with one or more round or irregularly shaped nuclei, 
scarcely to be differentiated from the protoplasm. They may be con- 
veniently classified as follows : 

1. Lymphocytes. 

2. Large mononuclear. 

3. Transitional forms. 

4, Polymorphonuclear neutrophiles. 

5. Eosinophiles. 

1. Lymphocytes are small cells consisting of an almost spherical 
nucleus surrounded by a very slight rim of protoplasm. Their size is 
about that of a red corpuscle ; the protoplasm, containing only a very 
slight amount of granular matter, is colored with Ehrlich’s stain a uni- 
form pale pink, while the nucleus, rich in chromates, is stained a more 
or less intense blue. In normal blood the count of lymphocytes varies 
between 22 and 25 per cent. of the total white cells ; when increased 
over this percentage the condition is called a lymphocytosis or lymph- 
emia. (Plate III., Fig. 1, /.) 

2. The large mononuclear leucocytes are two or three times the size 
of a red cell, with a large round or oval nucleus, generally placed 
eccentrically and surrounded by a considerable amount of protoplasm. 
The latter, rarely exhibiting granulation, is very faintly stained, and 
the nucleus, poor in chromatin, is also pale, (Plate IIT., Fig. 1, e.) . 


Generally considered under one heading. 


BoA AL. 


BLOOD. 


(Prepared by Dr. I. P Lyon.) 


Fig. I, TYPES OF LEUCOCYTES, 


a. Polymorphonuelear Neutrophile. 6. Polymorphonuclear Eosinophile. e. Myelocyte 
(Neutrophilic). ad. Eosinophilic Myelocyte. e. Large Lymphocyte (large Mononuclear). 
f. Small Lymphocyte (small Mononuclear). 


Fig. Il. NORMAL BLOOD. 


Field contains one neutrophile. Reds are normal. 


. 


Fig. Ill. ANASMIA, POST-OPERATIVE (secondary). 


The reds are fewer than normal, and are deficient in heemoglobin and somewhat 
irregular in form. One normoblast is seen in the field, and two neutrophiles and one 
small lymphocyte, showing a marked post-hseemorrhagie ansemia, with leucocytosis. 


Fig. IV. LEUCOCYTOSIS, INFLAMMATORY. 


The reds are normal. A marked leucocytosis is shown, with five neutrophiles and 
one small lymphocyte. This illustration may also serve the purpose of showing the 
leucocytosis of malignant tumor, except that in this disease (malignant) the reds show a 


well-marked secondary anzemia. 


Fig. V. TRICHMINOSIS. 


A marked leucoecytosis is shown, consisting of an eosinophilia. 


Fig. VI. LYMPHATIC LEUKAMIA. 


Slight anseemia. A large relative and absolute increase of the lymphocytes (chiefly 


the small lymphocytes) is shown. 


Fig. VII. SPLENO-MYELOGENOUS LEUKAMIA. 


The reds show a secondary anemia. Two normoblasts are shown. The leucoeytosis 
is massive. Twenty leucocytes are shown, eonsisting of nine neutrophiles, seven myelo- 
eytes, two small lymphocytes, one eosinophile (polymorphonuelear) and one eosinophilie 
myelocyte. Note the polymorphous condition of the leucocytes, 7.é., their variations 


from the typical in size and form. 


Fig. VIII. VARIETIES OF RED CORPUSCLES. 


a. Normal Red Corpuscle (normocyte). b,c. Ansemic Red Corpuseles. d-g. Poikilocytes. 
h. Mieroecyte. i. Megalocyte. j-n. Nucleated Red Corpuscles. j,k. Normoblasts. l. Miero- 
blast. m.n. Megaloblasts. 
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3. The transitional leucocytes are closely allied, and differ from 
the former class only in an indentation or irregularity of the nucleus, 
a slightly deeper staining, or the presence of a slight neutrophilic gran- 
ulation of the protoplasm. These two forms together constitute from 
2 to 4 per cent. of the leucocytes in normal blood. 

4. Polymorphonuclear neutrophiles form the bulk (about 70 per cent.) 
of the white cells in normal blood. Their size and the shape of their 
nuclei vary within great limits, but most are a little larger than erythro- 
cytes, with three or four round nuclei, or one irregularly bent to form 
a horseshoe, the letter S, or some other shape. The nucleus generally 
stains deeply and the protoplasm presents characteristic neutrophilic 
granulations. (Plate IIT., Fig. 1, a.) 

5. Eosinophiles, the most actively amoeboid forms, are characterized 
by the presence of large refractive granules which are lightly stained 
with eosin. Though most of the nuclei belong to the polynuclear or 
transitional group, and do not stain deeply, there is considerable varia- 
tion in both particulars, as well as in the size, from that of an erythro- 
eyte toa large mononuclear. Despite extensive study, but few accurate 
clinical facts have yet been made out as to their origin and importance. 
They furnish between 6.7 and 11 per cent. of the total number of 
leucocytes, are certainly increased in bronchial asthma, and may be 
markedly so in trichinosis, even to 40 per cent., while they disappear 
or are diminished in croupous pneumonia. (Plate IIL., Fig. 1, 6.) 

Myelocytes come from the bone-marrow ; they differ from the large 
mononuclears in a neutrophilic granulation of their protoplasm. They 
vary considerably in size, are not ameeboid, and probably do not appear 
in normal blood. ‘They are found in large numbers in splenic mye- 
logenous leukeemia, to a considerable extent in sarcoma with metastasis 
in the bones, and in some infectious diseases. (Plate III., Fig. 1, c.) 

The Origin of the Corpuscles——The bone-marrow is probably the 
main centre for the formation of both the red and the white cells dur- 
ing adult life, the spleen and lymphatic system sharing in this process. 
The normoblasts, by extrusion of their nuclei, form the erythrocytes. 
The lymphocyte is the youngest of the leucocytes, and the other forms 
are probably developed from it largely in the bone-marrow. There 
is still considerable uncertainty regarding blood-formation. 

Leucocytosis—Normally there are from five to ten thousand leuco- 
cytes ina cubic millimetre of blood from the peripheral circulation. 
A transient or permanent increase over this number is called a leuco- 
cytosis ; and this increase is generally furnished by the polymorpho- 
nuclear forms. Physiological leucocytosis is present in the newborn, 
from one to five hours after eating (the so-called digestive leucocytosis), 
during the later months of pregnancy, after parturition, and after 
violent exercise, massage, or short cold baths. 

Pathological Leucocytosis : 

1. Within an hour or two after a hemorrhage the leucocytes are 
found to be increased, the amount varying to some extent with the 
severity of the hemorrhage—14,000 to 25,000. (Plate III., Fig. 3.) 
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2. Infectious diseases and inflammations cause leucocytosis, perhaps 
the most important from the clinical side. Acute croupous pneumonia, 
suppurating processes, and serous inflammations are the most striking 
examples. (Plate IIL., Fig. 4.) bs 

3. Toxie leucocytosis is a convenient division to include cases of 
poisoning from the ptomaines, illuminating-gas, quinine, urea, during 
and after etherization, and many others. Medicinal leucocytosis may 
be grouped here. 

4, Leucocytosis of cachexia and malignant disease. In marked 
cachexia, in the moribund state, and in many malignant conditions the 
white cells are more or less markedly increased. (Plate IIT’, Fig. 4, 
description accompanying plate.) ; 

The absence of leucocytosis is of great clinical importance in the 
following: typhoid fever, malaria, la grippe, measles, rdtheln, mumps, 
tuberculosis of the lungs, meninges, bones, and serous membranes. 

Leukopenia, a diminution of the white cells, is noticed in some of 
the above-mentioned diseases, notably in the third week of typhoid 
and miliary tuberculosis as well as in primary pernicious anemia, 
sometimes in leukeemia complicated by an infectious process, and in 
starvation and malnutrition. 

Lymphocytosis and eosinophilia are terms used to express a relative 
increase of lymphocytes and eosinophiles. (Plate ITI., Fig. 5.) 

Blood-plates are irregularly shaped disks, about 3 w in diameter, 
and colorless. They have a tendency to be massed together. They 
were called heematoblasts by Hayem, because he supposed they were 
the source of the red cells. They are increased in leukeemia and grave 
anzemias, and diminished whenever the blood-clotting is slow. 

Miiller’s dust-corpuscles, “ heemokonie,’ are small round colorless 
granules from 4 to 1 yw in diameter; they are highly refractive and 
have a rapid dancing motion. 

Blood-plasma contains serum-albumin, serum-globulin, and various 
salts. 

Hydremia means a watery or diluted blood; and is found in many 
dropsical conditions, in all chronic anzmias, and temporarily after 
hemorrhage, since the liquid portion of the lost blood is that first 
restored. 

Plethora is a term formerly applied to indicate that the total amount 
of blood in the body was increased over the normal. No evidence has 
been adduced to prove that the total amount of blood ever oversteps 
the proportion of 1:13 as compared with the weight of the body. 


Anemia. 


The term “anzemia” has no very definite connotation. As gener- 
ally employed, it includes all diseases of the blood which are charac- 
terized by a deficiency in the number of the corpuscles or a diminu- 
tion in the total percentage of hemoglobin. Other terms with a more 
precise significance are sometimes used. Thus a diminution in the 
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number of red corpuscles is known as oligocytheemia or aglobulism, and 
a deficiency in the hemoglobin as achromatosis or oligochromemia. 
These results may be produced in many diseases (secondary anemia). 
Thus, anemia is common during convalescence from acute fevers and 
after severe hemorrhages. It is an invariable attendant in Bright’s 
disease, lead-poisoning, and many chronic exhausting illnesses. It may 
also owe its origin to deficiencies in the food, or to that which produces 
the same practical result—stricture of the cesophagus or of the pylorus. 
In cases due to these causes the number of red corpuscles is always 
reduced, while the leucocytes may be either slightly diminished or 
slightly increased. Not only is the total percentage of hemoglobin 
below the average, but the amount contained in each corpuscle is less 
than normal. Anzmia following acute fevers or hemorrhage rapidly 
disappears : the exact rate of disappearance varies with the nature and 
severity of the disease, the recuperative power of the patient, and the 
general conditions of convalescence. 

Primary, or idiopathic, aneemias include— 

1. Chlorosis. 

2. Progressive, or primary pernicious, anemia. 

3. Leuksemia. 

4. Pseudoleukzemia. 

5. Splenic anzemia. 


1. Chlorosis (yiwpoc, green) (“ Morbus Virgineus,” “ Green Sick- 
ness,” “ Chloranemia”’).—This is mainly a disease of girls at or near 
puberty, characterized by a marked deficiency of hemoglobin, and 
clinically by digestive, circulatory, and nutritional disturbances without 
any demonstrable organic change except in the blood. 

The red cells are only moderately diminished (2,500,000 to 
4,000,000), whereas the hemoglobin may fall even to 15 or 20 per 
cent., and very commonly is below 40 per cent., so that this lack of 
parallelism makes the color-index * low. 

Pathology—No explanation of the changes in the blood has yet 
been generally accepted, though many have been suggested. It is very 
generally believed that chlorosis is -due to defective blood-formation 
(heemogenesis), and not to increased blood-destruction (hemolysis), for 
the evidences of the latter, which are readily found in pernicious 
anemia, are absent in chlorosis. Virchow first drew attention to the 
small size of the heart and large arteries, and attributed it to defective 
development. He regarded the disease as the expression of an inability 
of the blood-forming organs to meet the demands made upon them 
during a period of rapid development—a disease especially liable, 
therefore, to occur in those in whom these parts are congenitally defec- 


* By color-index (valeur globulaire) we mean the relative amount of hemoglobin 
per cell. If the hemoglobin is diminished in the same proportion as the red corpuscles, 
the index remains 1—e.g., 4,000,000 red cells, or 80 per cent. of the normal count, and 
80 per cent. of hemoglobin give a color-index 8° = 1, Again, 3,500,000 red cells, or 
70 per cent. of the normal, and 35 per cent. of hemoglobin give a color-index #3 = 0.5. 
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tive. The great frequency of the disease, its practical limitation to 
one sex, and its ready curability point, however, to a more transient 
and less organic causation. 

It is unquestionable that gastralgia, gastric catarrh, gastric ulcer, 
constipation, defective hygienic surroundings, and irregular habits are 
frequently associated with the condition ; and that in many examples 
of the disease the administration of iron fails to effect a cure until 
these are relieved. On the other hand, it is no less certain that the 
relief of these conditions without the administration of the iron is 
ineffectual as a cure, and that an adequate diet contains an appreciable 
amount of that metal. It is also well known that hemoglobin, which 
contains iron, is the progenitor of pigments containing none ; and that 
the amount of this metal normally excreted in the feces and the urine 
is excessively small, and is not appreciably increased in anemia. It 
seems reasonable to suppose that the iron thus retained within the body 
is utilized in the formation of hemoglobin; and if, therefore, the 
hemoglobin in the blood is deficient it would seem more rational to 
look for a cause that interferes with the synthesis of hemoglobin from the 
accumulating stock of iron, rather than for one which leads to any loss 
in the total amount of iron contained in the body. Although in some 
cases menorrhagia precedes the onset of chlorosis, this sequence is 
unusual, and the loss in hemoglobin is generally more marked in 
chlorosis than im anzemia due to hemorrhage. 

It must be confessed that the cause of the defective hemogenesis is 
at present unknown. By some it is attributed to a deficiency of iron- 
containing foods, combined with an increased loss of iron due to the 
recurrent hemorrhages occurring in menstruation (Stockman) ; by others, 
to intestinal decompositions interfering with the absorption of iron 
(Bunge, Landwater); and by others, again, to some error in the 
internal secretion of the ovary (Van Noorden, Arcangeli). 


2. Progressive pernicious anzmia is characterized by a very 
grave anemia progressing with frequent remissions and relapses, per- 
haps always toward a fatal issue, whether under medication or not. 
Males are more frequently affected than females, and most of the cases 
occur in adult life (thirty to fifty years). The blood is very different 
from that of chlorosis. The most marked feature in pernicious angemia 
is the diminution in the number of red cells. Thus, although the total 
amount of hemoglobin is invariably diminished, yet the amount con- 
tained in each corpuscle may even be in excess of the normal ; in other 
words, the color-index is high, 1 or more. A fall in the percentage of 
reds to 1,000,000 is the rule rather than the exception, and blood with 
only 143,000 reds has been described by Quincke. Especially charac- 
teristic is a marked change in the size and shape (poikilocytosis) of the 
erythrocytes. Microcytes and especially macrocytes abound. Numerous 
n ucleated forms, with generally a prevalence of macroblasts, are observed. 
Though the individual red cells are well colored, they often show evi- 
dences of degeneration in vacuolation or polychromatophilie staining. 
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Pathology—The marrow of the long bones is generally red and 
contains less fat than normal. Large numbers of megaloblasts are 
found, and there is also an increase of normoblasts, and often of micro- 
cytes. The red marrow contains pigment giving the iron reaction (see 
below). The finer bony trabeculz may become absorbed. 

The changes in the liver are of considerable importance. In the 
centre of the lobule there may be an excess of pigment, and, in the 
peripheral zone, of iron, so loosely combined with organic matter that 
a distinct blue coloration can be obtained on treating sections of the 
organ with ferrocyanide of potassium and dilute hydrochloric acid. 

Fic. 237. 
‘G 


Pernicious anemia. Same marrow as in Fig. 238, but hardened in Miiller’s fluid and cut in 
celloidin. Some half-dozen fat-vesicles are seen, with the intervening capillaries much 
dilated. These contain normoblasts with rosetted nuclei. The smallest cells are microcytes ; 
those of intermediate size are granular-looking red corpuscles. (Mott.) 


The cells in the immediate neighborhood of the intralobular veins are 
occasionally fatty. 

The heart and smaller bloodvessels, and occasionally the intima of 
the large arteries, show extensive fatty changes, from which the skele- 
tal muscles are practically free. The changes in the heart are particu- 
larly well marked. In the left ventricle the fatty areas are so distinct 
that the terms “thrush-breast ” and “tabby-cat’’ have been used to 
denote them. ‘The subcutaneous fat is very generally increased. The 
skin acquires a faint yellowish or “old wax” color, suggestive of slight 
jaundice. Small hemorrhages are common in many parts. Flame- 
shaped hemorrhages in the retina, clustered round the disk, are particu- 
larly frequent and are an important aid to diagnosis. Exacerbations 
are accompanied by fever. The urine is generally dark, and an excessive 
amount of urobilin is excreted. In the spinal cord degenerative changes 
have been observed in the posterior columns and elsewhere, as well as 
periarteritis, and hyaline changes in the spinal capillaries. 
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The disease has been noted to follow pregnancy or parturition in 
some instances, severe malarial fever in others, and to be associated 
with an atrophy of the stomach or with the presence of intestinal 
parasites in still others. 


3. Leukemia, or Leucocythemia.—This disease is characterized 
by a marked increase of the leucocytes, and usually by a diminution of 
the erythrocytes, and is associated with an enlargement of the lymphatic 
system, spleen, lymph-glands, and bone-marrow, separately or all 
together. It is a disease of all decades, between thirty and fifty for 
the chronic, and before forty years for the acute cases. It has been ob- 
served to appear at about the climacteric in women, but as in pernicious 
anzemia males are more frequently affected. The influence of heredity 
has been noted. Infection, contagion, malaria, have all been considered 
as causal factors, but the etiology is still unexplained. Two types have 
been differentiated : lymphatic (Plate III., Fig. 6) and spleno-myelo- 
genous (Plate III., Fig. 7), depending upon whether the lymph-glands 
or the spleen, and with the latter the bone-marrow, are most con- 
cerned; but in many cases all parts of the lymphatic system are 
involved as well as the spleen and bone-marrow, so that this distine- 
tion is not accurate. 

The Blood.—The drop looks pale, yellowish red, and dull, flows 
readily, and coagulates slowly. The red cells are generally diminished, 
but as a rule not very markedly—3,000,000 to 4,000,000. The hemo- 
globin is diminished in rather greater proportion, so that the color-index 
is below 1. The leucocytes are markedly increased, and the ratio be- 
tween the whites and reds is altered to 1:10 0r1:20. Cases have been 
observed in which there were more whites than reds. Myelocytes form 
from 20 to 40 per cent. of the white cells, and there are many tran- 
sitional forms. ‘The lymphocytes are diminished. Normoblasts, megalo- 
blasts, extruded nuclei, karyokinetic figures, karyolysis, and all the 
endoglobular forms of degeneration are very common. In acute lym- 
phatic leukemia there are two types, depending upon the prevalence of 
the small or large lymphocytes. 

Pathology.—Spleen.—This organ is symmetrically enlarged, often to 
an enormous extent. The capsule is irregularly thickened, and there 
may be adhesions to the adjacent viscera. In all chronic cases the con- 
sistence of the spleen is firmer than normal, owing to an increased thick- 
ness of the reticulum. The organ is closely packed with cells similar 
to those found in the blood, and the Malpighian corpuscles are generally 
indistinct : very rarely they may form prominent growths. Except for 
infarctions, which are common, and may be seen in all stages and varie- 
ties (p. 211), the cut section is generally of a uniform reddish color. 
Phlebitis of the splenic vein with leucocytic emboli in the liver has 
been found. 

Lymphatic Glands. —Enlargement of the lymphatic glands is uncom- 
mon in splenomedullary leucocytheemia. In the lymphatic form they 
are generally much enlarged. Their consistence is usually normal, and 
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they are freely movable. On section, hemorrhagic areas are often to be 
seen. Microscopically the enlargement of the glands is found to be due 
to an accumulation of leucocytes. 

Bone-marrow.—This is of a uniform pale pink color. Microscop- 
ically, there is no characteristic change, all the constituents found in 
leucocythemia being sometimes found in other conditions. In the 
lymphatic variety lymphocytes are abundant (Muir). 

Generally speaking, lymphoid tissue in any part—e. g., the follicles 
of the intestine—may be found increased, while any organ may contain 
foci of leucocytes (Fig. 238) or evidence of local hemorrhage. 


Fia. 238. 


Lobule of the liver from a case of splenomedullary leucocythemia. a, a’, a’’, masses of leuco- 
cytes in the interlobular region; 6,intralobular vein. There is also an excess of leucocytes 
between the rows of fatty liver-cells. 90, 


Recent chemical observations on the metabolic changes occurring in 
leucocythzemia point to an increase of xanthin bases in the blood. Most 
of the changes described are explicable on the theory of the destruction 
of an unusually large number of leucocytes. 

Lymphatic leucocythzemia generally runs a more rapid course than 
the spleno-myelogenous form, and this variety, like acute Hodgkin’s 
disease, may prove fatal in less than two months, while the spleno- 
medullary form may take more than two years to reach a fatal ter- 
mination. a. 

The pathology of leucocythemia is still obscure. It is highly 
probable that the increase in the number of white corpuscles is due 
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to excessive formation of these cells. Those present in the spleno- 
medullary forms are, under normal conditions, found in the marrow ; 
‘and the lymphocytes, occurring in the lymphatic form, may be derived 
from the lymphatic organs. The other phenomena of the disease may 
be accounted for by the accumulation of the cells thus formed in the 
different organs of the body, and by their consequently increased dis- 
integration. The anemia may be due to the interference with the 
normal blood-forming functions of the bone-marrow. According to 
this view, the enlargement of the spleen is a secondary condition, and 
depends, according to Muir, partly upon its passive distention with the 
new cells, and partly—assuming that leucocytes normally undergo dis- 
integration in this organ—on the increased efforts made by the spleen 
to deal with the abnormal supply of leucocytes. 

The cause of the increased proliferation is altogether a matter of 
conjecture. Many observers have searched for parasites, but none has 
been definitely associated with the disease. There is, however, an obvi- 
ous analogy, especially in the case of the lymphatic form, with sarcoma. 
In both there is a purposeless growth of cells, which in leucocythzemia 
are itinerant, and in sarcoma stationary. It is possible to explain, on 
this analogy, the accumulation of the cells in those places where they 
are actually found in leucocythemia. 


4. Pseudoleukemia, or Hodgkin’s disease, resembles leukemia 
in its pathology, but the blood does not show a leucocytosis. The spleen 
and bone-marrow are less frequently involved, and the disease is often 
limited to a rapid enlargement of the lymphatic glands. Those of the 
neck are often first and most markedly affected. The two diseases are 
intimately related, for transmission from the one to the other has been 
observed. 


5. Splenic Anzemia.—This term is applied to a clinical condition 
characterized by progressive anemia of the chlorotic type, by enlarge- 
ment of the spleen, fever, and by a marked tendency to slight hemor- 
rhage. There is occasionally slight lymphocytosis. Fibrosis is the 
principal change in the spleen. The pathology of the disease is quite 
unknown. 

Purpura, scurvy, and hemophilia are clinical conditions which, to some 
extent, resemble pernicious anemia, splenic anemia, and leucocytheemia 
in the tendency each disease shows to hemorrhage ; but their pathology 
is not sufficiently understood to justify any detailed description in this 
place. 


EXAMINATION OF THE BLOOD. 


Fresh blood may be easily and almost painlessly obtained by prick- 
ing either the finger-tip or perhaps better the lobe of the ear with a 
clean surgical or glovers’ needle. First cleanse the part with a cloth 
wet with alcohol, and rub until dry ; then, holding the lobe of the ear 
firmly between the thumb and two fingers of the left hand, make with 
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the needle in the right hand a sharp,-quick thrust about a quarter of 
an inch deep. One or two brisk rubs with a dry cloth will be suffi- 
cient to start the blood flowing freely. Kneading or squeezing the part 
is to be avoided. 

Spreading the Blood.*—Allow a tiny drop of the blood to flow upon 
the centre of a clean cover-glass without touching the lobe of the ear, 
invert the cover, drop carefully upon a clean slide, and let the blood 
spread itself without pressure. 

A drop of blood the size of the head of an ordinary pin is large 
enough to furnish a thin, evenly spread layer, with each corpuscle flat 
and not heaped or crowded against others. We are able to determine 
with such a preparation the presence or absence of the blood-parasites, 
the spirocheete of relapsing fever, the Filaria sanguinis hominis, and 
especially the heemocytozodn of malarial fever. It also furnishes a 
trained observer with a rough estimate of the proportion between the 
red and white cells, and therefore an approximate leucocyte count, the 
shape and color of the red cells, the amount of fibrin formed, and the 
tendency toward rouleau formation. 

A few hints upon searching for the malarial organism may be men- 
tioned here, and first as to time. During a chill is the poorest time, 
especially in tertian fever, when most of the parasites are in the internal 
organs. The best time, according to Thayer, is eight hours before or 
after a chill. Examine carefully large or pale red corpuscles, pigment- 
grains, or any appearance of motion in the field of the microscope. 
Beware of mistaking for hyaline forms various changes which drying 
or exposing to the air has produced in the red corpuscles. Do not 
imagine that these forms glisten or are highly refractive. They are, 
on the contrary, rather dull. See figure of malarial organism. 

Dried specimens are utilized to determine the percentages of the dif- 
ferent leucocytes and the character of the red cells—the so-called 
“ differential count ’’—and to demonstrate the presence of the malarial 
organism. For the latter purpose a fresh specimen answers better. 
A cover-glass with a tiny drop of blood is dropped upon another cover- 
glass with the specimen side down, so that the blood instantly spreads 
out into a very thin layer. The cover-glasses should then be slid, not 
pulled, apart in order to leave a very thin and uniform layer, or 
“ spread of blood,” upon each cover-slip. The blood is “ fixed ” by heat- 
ing in a dry sterilizer to 140° or 150° C. A copper plate heated at one 
end by an aleohol lamp or Bunsen burner answers the purpose as well. 

Staining.—Ehrlich’s triacid stain is a satisfactory staining-agent. 
Spread one or two drops of this stain upon the specimen side of the 
ecover-glass ; wash off the stain with water at the end of two minutes, 
dry the cover with clean filter-paper, and mount upon a slide in Canada 
balsam. 


* Absolute cleanliness of slide and cover-glass is indispensable, and for this purpose 
washing with soap and warm water and quickly drying with an old linen handkerchief 
is quite as effectual as the more elaborate method of immersion first in strong nitric 
acid and then in alcohol and ether. 
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In making a differential count use a No. 7 Leitz or fy oil-immer- 
sion lens. 

Another method is preferable when searching for the malarial organ- 
ism, since heat destroys to some extent the parasite. To fix the speci- 
men, immerse the cover-slip for four or five minutes in a mixture of 
equal parts of absolute alcohol and ether. Then stain for five minutes 
with the following : 


Concentrated aqueous solution of methylene-blue 30 c.c. 
0.5 per cent. solution of eosin in 75 per cent. 


alcohol: 2.4") «) 4.0 ego masathan beetaeee Wem aneee 
Distilled water: « sss.) 3.9 wee ee ee Cs 
20 per cent. sodic hydrate . . . . . ._. 6 drops. 


Wash in water and mount in Canada balsam. This stains the red 
corpuscles pink and the organism blue, while the pigment-granules 
remain brown or black—an excellent contrast. 

Counting the Corpuscles—Fig. 239 represents the instrument in 
commonest use for counting the red cells. Another pipette of larger 


Fic. 239. 


CLEATS 


B 


0.100 mm. 


xov mm, 


Thoma’s hemacytometer. 


bore, in which the dilution is less, is used for counting the leucocytes. 
A ruled disk (B) fastened on a thick glass slide (0 a), a thick cover- 
glass (D) resting upon a punched-out glass plate (W), which is slightly 
thicker than the disk (B), makes a round cell of known depth sur- 
rounded by a moat (7). This ruled space is divided into 400 squares, 
and by a series of double rulings, as in c, groups of 36 squares can be 
plainly. distinguished. Blood is drawn up into the capillary tube of 
the glass pipette (S) as far as 0.5; the end is then wiped and the 
diluting solution * sucked up to 101, carefully watching the pipette in 


* Wor a diluting solution the following formula is as convenient as any (Hayem’s) : 
Hydrargyri perchloridi | Oe: 4 5 coun 0.5 
Sodii'sulphatisaeemeemrmcn- 0 0. . . .. 5 5 


Sodii chloridi/=aeee ss Goseces . Se oe 1 
Aque.dest. . “CE = Snel... ce . 200 
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the meantime, so that the blood and solution with the help of a tiny 
glass rod in the chamber (/) is thoroughly mixed. G is the rubber 
tube connecting the pipette with a bone mouth-piece (J/). After 
thorough shaking, the first three or four drops are blown out and a 
small drop is allowed to flow upon the centre of the ruled space, B. 
Then the cover-glass is carefully adjusted and pressed down until con- 
centric rings of the spectrum appear between the punched-out glass 
plate and the cover and remain after pressure is removed.* A few 
minutes give the corpuscles time to settle, and 36 squares at the four 
corners of the ruled space are counted. This should be repeated with 
another drop, and then the totals added, giving the number of corpuscles 
in 288 (8 X 36) squares with a dilution of 1 : 200. Divide by 288 to 


Fia. 240. 


obtain the average number of corpuscles in each square, and multiply 
by 200, the dilution, and again by 4000, since each square represents 
the base of a cube containing =,),5 of a cubic millimetre of fluid. This 
gives us the number of red cells per cubic millimetre of blood. 

In eounting the leucocytes the diluting solution employed is 0.3 
per cent. of acetic acid in distilled water. This destroys the red cor- 
puscles and causes the white cells to stand out clearly. 

Hemoglobin Estimation—A tiny drop of blood is drawn up by 
capillary attraction into the tube () so that the ends are perfectly 
flush and no extra blood is adherent to the outside. This is emptied 
into one section of the cell (@) by means of water from an ordinary 
medicine-dropper. The section (b) is then filled with water until 
the surface is even (not conyex nor concave) and the blood and water 


* These are the so-called Newton’s rings, and show that the cover-glass is properly 
adjusted. 
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are then thoroughly mixed. The other section is then filled with plain 
water to a correspondingly even surface and the cell is placed upon the 
stand (d). A moderate amount of artificial light (best from a candle) 
is reflected by means of a white reflector (¢) through the mixed blood 
in one section and through colored glass and the plain water in the 
other section. This colored glass (f) is in the shape of a wedge 
upon a frame (g), and so adjusted that by turning the screw (h) to 
the right or to the left a varying thickness of glass, and hence 
intensity of color, can be opposed and the diluted blood compared. 
There is a scale (7) read at (/) which shows this comparison in terms 
of hemoglobin percentage. 

A method of estimating the percentage of hemoglobin in the blood 
has been devised by Roy and modified by Hammerschlag, which de- 
pends upon estimating the specific gravity of the blood. This is prac- 
ticable, simple, and inexpensive. The specific gravity of blood in 
healthy adults varies between 1.046 and 1.067. The average in men 
is 1.055, in women 1.054, and in children 1.051. Fasting, eating, 
drinking, pregnancy, gentle exercise, nephritis, chlorosis, general anz- 
mia, and cachexia diminish, whereas febrile disease, cyanosis, and 
obstructive jaundice increase, the specific gravity. 

Benzol (specific gravity 0.889) is lighter than blood. Chloroform 
(specific gravity 1.526) is heavier. Fill a urmometer-glass with a 
mixture of benzol and chloroform in such proportions as to make 
a liquid of a specific gravity between 1.058 and 1.060. By the aid of 
a capillary tube a drop of blood is taken from the ear and blown gently 
into this liquid. If the drop sinks, add more of the heavier liquid 
(chloroform) until, after careful stirring, the drop is suspended in the 
mixture. If the drop rises to the surface, add more of the lighter 
liquid (benzol) until it sinks, and then bring it to a state of suspension 
by adding chloroform. When the drop is suspended, it means that 
the mixture is of the same specific gravity as the drop of blood. 
By comparing this reading with the subjoined table of Hammerschlag, 
the percentage of the hemoglobin is obtained : 


Specific Gravity. Hemoglobin. | Specific Gravity. Hemoglobin. 
1.033-1.035 = 25-30 per cent. | 1.048-1.050 = 55-65 per cent. 
1.035-1.088 = 30-385 a | 1.050-1.053 = 65-70 a 
1.038-1.040 = 35-40 “ 1.0538-1.055 = 70-75 “ 
1.040-1.045 = 40-45 | 1.055-1.057 = 75-85 YY 
1.045-1.048 = 45-55 “ 1.057-1.060 = 85-95 “ 


The Clump Reaction.—Widal discovered that the blood-serum of 
patients with typhoid fever, when added to a fresh bouillon-culture 
of the typhoid bacillus, caused the bacilli gradually to cease their 
dancing motion and then to mass themselves into small clumps (p. 305). 
This agglutinative phenomenon has been utilized for clinical diagnosis 
in the following way: A few drops of blood from a patient with a 
suspected typhoid are collected in a tiny test-tube (two inches) and 
allowed to coagulate. A drop of this serum is added to ten drops of 


DISEASES OF THE HEART, 429 


a fresh culture in bouillon of the typhoid bacillus, and a tiny drop 
of this mixture is examined with the aid of an oil-immersion lens. 
Biggs and Park * describe the typical reaction as follows: “Some of 
the bacilli soon cease all progressive movement, and it will be seen that 
they are gathering together in small groups of two or more, the indi- 
vidual bacilli being still somewhat separated from each other. Gradu- 
ally they close up the spaces between them and clumps are formed. 
According to the completeness of the reaction, either all the bacilli 
may finally become clumped and immobilized or only a small portion 
of them, the rest remaining freely motile, and even those clumped may 
appear to be struggling for freedom.” 

If this clumping takes place within twenty minutes in a dilution 
of 1 to 10 the reaction is positive. Higher dilutions and longer 
intervals of time as well as different methods of performing the test 
are recommended by various experts, for descriptions of which the 
reader is referred to special articles or books. 

In sending specimens to a laboratory, the blood should be allowed 
to drop upon glazed paper, or, better, upon a glass slide. 


VI. DISEASES OF THE HEART. 


Malformations. 


In general terms, malformation of the heart comprises the following 
principal defects—singly or in combination : (1) deficiencies in the septa, 
(2) dilatation or narrowing of the pulmonary and aortic orifices, (3) re- 
dundancies or deficiencies in the valves, (4) persistence of foetal channels, 
and (5) transposition of the arterial trunks and other parts. 

The septa may altogether fail to appear, or their formation may be 
arrested at any stage of their development. The entire absence of any 
one of these septa produces the earliest forms of malformation. In this 
way there may be produced a heart with a single auricle, a single ventricle, 
and a single arterial channel, supplying both systemic and pulmonary 
circulations, as in fish. If the defect is less extensive, a heart with two 
auricles, but with a single ventricle and a single artery, may result, as in 
the frog. These and other corresponding varieties are rare. In all of 
them extra-uterine life is only possible for a few days. Incomplete for- 
mation of septa is, however, a more frequent malformation. In this 
way many forms of persistent channels, connecting the two sides of the 
heart, may result. 

In one of the commonest varieties of malformed heart the orifice of 
the pulmonary artery is much narrowed and that of the aorta correspond- 
ingly enlarged, while the upper part of the interventricular septum (the 
last part to be developed) is absent. The aorta may subtend both 
ventricles, and the wall of the right ventricle will then attain the same 
thickness as that of the left. In these cases the ductus arteriosus is 
generally patent, and so, not infrequently, is the foramen ovale. In 


* Am. Jour. Med. Sciences, March, 1897. 
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most instances, the narrowing of the pulmonary artery seems to be the 
primary defect, the rest naturally following from the interference with 
the normal course of the foetal circulation ; for the blood from the right 
ventricle being unable to pass through the pulmonary orifice and ductus 
arteriosus into the systemic circulation, is driven over the upper edge of 
the incomplete septum and there meets that coming from the left ven- 
tricle, passing upward with it into the aorta. After birth the aorta 
supplies the pulmonary artery by way of the ductus arteriosus. 

Stenosis or absence of the aortic orifice is less common. When either 
of these occurs, both foramen ovale and ductus arteriosus are usually 
patent, while the left ventricle atrophies. 

The valves may be excessive or defective in number and in size, but 
these changes need not seriously interfere with the action of the heart. 

Persistence of the foramen ovale and of the ductus arteriosus, although 
generally associated with the defects before mentioned, may occur alone, 
without leading to any further pathological change. 

In the majority of cases the arrest of the normal development of 
the heart seems to depend primarily upon some inherent embryonic 
defect, and, only in exceptional cases, upon foetal endocarditis or other 
intercurrent disease. 


Results.—Malformations of the heart do not necessarily give rise 
to secondary changes, especially if limited to some slight defect, such 
as a patent foramen ovale or persistent ductus arteriosus, or some abnor- 
mality in the number of segments in a valve—none of which need 
cause any appreciable impairment of the circulation. If, however, the 
malformation is sufficiently severe to affect the normal order of the cir- 
culation without rendering life impossible, two phenomena generally 
occur: (1) cyanosis, constant or intermittent; and (2) a high specific 
gravity of the blood, due to an increased proportion of its red corpuscles. 

(1) The cyanosis is occasionally and, in all probability, erroneously 
attributed to the admixture of arterial and venous blood. Admixture, 
as in the case of a single ventricle, may, however, exist without cyanosis ; 
and, conversely, cyanosis without admixture. Moreover, it is in those 
cases in which the right ventricle is most hypertrophied that the cyanosis is 
most marked. With more reason, therefore, its presence is attributed to 
defective aération of the blood and to passive (venous) congestion. The 
deficient aération may depend on structural alterations (stenosis of pul- 
monary artery with incomplete interventricular septum) whereby the 
amount of blood passing through the lungs varies. The imperfect aéra- 
tion may be sufficient to meet the ordinary requirements, but insufficient 
to meet any slightly increased demands. In the same way the venous 
congestion is mainly due to the partial exhaustion of the normal reserve 
power of the heart, this having been already largely used up in compen- 
sating for the structural defects, and to the consequent inability of that 
organ to meet any further demand. Blueness of the skin and mucous 
membranes and clubbing of the fingers are the chief results of the venous 
congestion. 
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(2) The concentration of the blood, as shown in the large amount 
of red corpuscles and increased percentage of hemoglobin, has been 
attributed to the persistence of a similar condition obtaining in late 
foetal life, when the specific gravity of the blood is also abnormally high. 
Gibson suggests that the corpuscular excess is due to the diminished 
wear and tear, and the consequently longer life, of the individual cor- 
puscles, but this view has not yet met with general acceptance. 


Hypertrophy. 


Hypertrophy of the heart has been already referred to (p. 149), but 
its varieties are of sufficient importance to merit a more detailed account. 

The whole heart may be uniformly affected or the enlargement may 
be mainly confined to one of the two ventricles. 

1, Uniform hypertrophy of the whole organ is a common result of 
adherent pericardium. By this change the sliding action of the heart 
is interfered with, and the work thrown upon its muscular walls pro- 
portionately increased. A heart thus enlarged may weigh from twelve 
to thirty ounces—even after the parietal layer of the pericardium has 
been dissected off. The normal shape of the heart is preserved, but its 
general dimensions—both external and internal—and the thickness of 
its walls are alike increased. 

2. Hypertrophy of the left ventricle follows any changes that give 


Tres OA be 


Hypertrophy of left ventricle (front view). Heart is elongated. Septum occupies middle of 
anterior surface. From a case of granular kidney. 


rise to obstruction at the aortic orifice, or permit regurgitation from the 
aorta. It also follows obstruction in the arterioles such as occurs in 
arterio-capillary fibrosis (granular contracted kidney). The weight of 
the organ frequently exceeds twenty ounces. In shape it is elongated ; 
the septum, and therefore the left coronary artery, is displaced to the 
right of its usual position on the anterior surface (Fig. 241). On ex- 
amining a vertical section the apex is seen to be formed entirely by the 
wall of the left ventricle, and the walls of this cavity are themselves 
thickeued (Fig. 243). 
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3. Hypertrophy of the right ventricle follows any changes in the mitral 
orifice, or in the lungs, which hinder the passage of the blood from the 
right ventricle to the systemic circulation and thus impose additional 
work on the right side of the heart. Emphysema of the lungs (p. 472) 


Fie. 242. 
PA LA 


- 


RV 


Hypertrophy of right ventricle (front view). Heart is quadrilateral and septum is displaced to 
the left. Right auricle is dilated. From a case of chronic bronchitis and emphysema. 


and incompetence of the mitral valves are its principal causes. The 
heart is quadrilateral, and its anterior surface consists, almost entirely, of 
the wall of the right ventricle (Fig. 242). On section, both ventricles 


Fia, 248. Fig. 244. 


Anterior half of heart (Fig. 241) seen from Anterior half of heart (Fig. 240) seen from 


behind. Left ventricle forms the whole behind. Right ventricle is seen to take 
ofapex. WallofLV:wallofRV::10:2 greater share in formation of apex than 
(normal proportion 5: 2). left ventricle does. Wall of RVis much 


thickened, but not so thick as that of left. 
Tricuspid orifice and RA are dilated. 


are found to take about an equal share in the formation of the apex of the 
organ, while the usual difference between the thickness of the walls is 
much diminished (Fig. 244). Except in cases of congenital disease, 
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the thickness of the right ventricle never reaches that of the left. 
These distinctions are well shown in the accompanying illustrations. 


Pericarditis. 


The irritant causing pericarditis—in most cases unknown—reaches 
the pericardium, as in inflammation of the other serous membranes, by 
way of the bloodvessels or by direct extension from the neighboring 
parts. In those cases in which organisms have been found associated 
with pericarditis they have been the same as those found in endo- 
carditis. 

The inflammatory exudation (p. 410) is accompanied by an exten- 
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Fibrinous pericarditis of two weeks’ duration. a, parietal pericardium with artery and vein; 
b, organizing layer of fibrin, with engorged vessels appearing as dark points on its visceral 
edge (i/); ¢, fibrinous mesh work; d, organizing layer of fibrin adjoining visceral pericar- 
dium (e); /, muscular wall of heart with subpericardial fat and vessels; g, line of union of 
the two inflamed surfaces, showing that by far the larger amount of fibrinous exudation is 
on the visceral side. ~ 6. 


sive destruction of the lining endothelium, and, in the vast majority of 
cases, is of a serofibrmous character. <A fibrinous layer covers both 
visceral and parietal pericardium, and a few ounces of flaky albuminous 
fluid fill the intervening cavity. The fibrinous layer varies from a fine 
deposit, just concealing the natural gloss of the surface, to a rough, 
shaggy coat (cor villoswm). 

The subsidence of the inflammation is followed by absorption of 
the fluid, and by organization of some, or all, of the fibrinous layers 
(Fig. 245). This results in obliteration of a proportionate amount of 
the pericardial cavity, or in the formation of fibrous bands passing 
across it. 

28 
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During the acute stage the heart’s action is slightly hampered 
(1) by the friction between the roughened surfaces, especially of the 
auricles and right ventricle ; (2) by the pressure of any marked effusion 
of fluid; and (3) by the diminished support afforded by the weakened 
pericardium. In the later stages the action is also impaired by (1) the 
presence and contraction of such adhesions as have not been torn 
asunder, during the earlier stages of their development, by the move- 
ments of the muscular walls of the heart ; and (2) by the contraction 
of the inflammatory fibrous tissue in the visceral pericardium and in 
the outer layers of the myocardium itself. The impairment is gener- 
ally sufficient to cause uniform hypertrophy of the heart (p. 432). 

On the surface of the pericardium smooth, white, “milk” patches 
are not infrequently observed. In a few cases these represent the most 
favorable termination of an old acute pericarditis; but the vast 
majority are most probably due to some source of pressure outside the 
pericardium, leading to considerable local friction between the visceral 
and parietal surfaces. At such places the pericardium becomes thick- 
ened and, therefore, whiter and more opaque. 


Endocarditis. 


Inflammation of the Endocardium, or Endocarditis, is, for the most 
part, limited to the valves of the heart, although it occasionally involves 
the adjacent parts. When the disease occurs after birth it is almost 
exclusively confined to the left side of the heart, and thus, in the great 
majority of cases, commences in, and seldom extends beyond, the con- 
fines of the mitral and of the aortic valves and the corresponding 
orifices ; but when it arises during fetal life, endocarditis is usually 
found on the right side and, by the production of lesions which inter- 
fere with the normal development of the heart, becomes one of the 
causes of congenital malformations of that organ. 

Those portions of the valves which normally come into contact, 
and are thus most exposed to friction, are those in which the morbid 
changes commence. In the mitral valve—the most commonly affected 
of all—the auricular surface of the segments, at a little distance from 
the attachment of the chorde tendinex, is first involved (Fig. 246). 
In the aortic valves it is the convex or ventricular surface of the seg- 
ments which is affected. ‘The change does not commence at the free 
edge of the segment, but along the little band of tissue which passes 
from the attached border to the Corpus Arantii in the centre (Fig. 247). 

The changes themselves may, for the purposes of description, be 
arranged in three groups, although they frequently occur together. 

(1) Upon the surface of the parts already indicated are found a 
number of pale, closely aggregated projections, varying from a band 
of mere specks or beads, which cannot exert any appreciable mechanical 
effect on the heart’s action (Fig. 247), to large cauliflower-like masses 
almost completely obstructing the affected orifice (Fig. 248). These 
projections, in the large majority of cases, consist of thickened endo- 
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cardium and adherent, and often organized, blood-clots (Fig. 249). So 
smooth is the surface and so firm is the thrombus that, to superficial 


Fig. 246. Fia. 247. 
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Inflammation of mitral valve. The earlier Inflammation of aortic valves. The earlier 
stage of the process. Valve seen from the stage of the process. Showing the situation 
auricular surface. Showing the situation of the inflammatory granulations. 
of the inflammatory granulations. 


observation or until a section is made, these projections or vegetations 
appear to consist entirely of localized swellings of the endocardium. 
But when death occurs at a very early stage there may be no thicken- 
ing of the endocardium at all, nor any redness—nothing but small 


Fic. 248, Fig. 249. 


Acute endocarditis. A granulation from the 


represents a long vegetation on one of the mitral valve, showing a fibrinous coagu- 
segments of the aortic valve, which by con- lum upon the surface of the granulation (qd). 
tact with the endocardium below has pro- x 10. (Rindfleisch.) 

duced numerous inflammatory granula- 

tions (A). 


areas of necrosed endocardium, each covered with a smooth, firmly 
adberent thrombus. 

(2) The affected valves and their attachments may be much thick- 
ened throughout, and, at places, coherent and even calcified. In this 
way the mitral orifice may be reduced to a rigid funnel or buttonhole 
slit (Fig. 250), and the aortic valves may so lose their elasticity that 
they stand out into the lumen of the aorta, neither falling back during 
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Fig. 250. 


Mitral stenosis. Mitral orifice seen from the left auricle in a case of old inflammation of the 
mitral valves. The orifice is in the centre of a calcified mass, the outer edge of which can 
be seen at b. A calcareous spicule projects into the orifice (a). Natural size. 


Fia. 251. 


Aortic stenosis. a, aortic orifice seen from below in a ease of old inflammation of the aortic 
valves. The valves are calcified and meet in the centre and at the sides ; b, mitral valve 
(foreshortened). Natural size. 


systole nor completely closing the orifice during diastole (Fig. 251).. 
Thus the passage of blood through the orifices may be seriously inter- 
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fered with (stenosis), and its regurgitation permitted (incompetence) 
(pp. 149 and 195). 

(3) Less frequently, and combined with the other changes, ulcers and 
minute abscesses may be found penetrating into the deeper layers of the 
endocardium and even involving the myocardium beneath. Portions 
of the valves may be wholly destroyed and disappear, while the super- 
jacent and loosely adherent thrombi, being easily detached, broken up, 
and carried on by the circulating blood, may give rise to multiple 
embolism of the brain, spleen, kidney, skin, and other parts (Fig. 252). 

Pathology.—The cause of endocarditis is an irritant circulating in 
the blood. In many cases this is known to be an organism. Organ-~ 


Fig. 252. 


Ulcerative endocarditis. a, adherent fibrinous masses concealing the attachments of the valves 
(c, e, c2); b, b’, ulcers on endocardium and aorta; d, d’, inflammatory foci with adherent 


thrombi. Reduced \4. 


isms have not only been found and cultivated from the lesions, but it 
has also been shown experimentally that the Staphylococcus pyogenes 
aureus, the Streptococcus pyogenes, the Diplococcus pneumoniz, and 
the gonococeus are all capable, when injected into the circulation, of 
producing endocarditis. This probability is greatly increased when 
small solid particles are simultaneously introduced, or when the valves 
are in any way previously damaged. Other organisms, such as the 
Bacillus tuberculosis, are not found experimentally to produce endo- 
carditis, unless some previous damage affords them a suitable resting- 
place. In a large number of cases the nature of the irritant is 
unknown. The disease frequently arises in the early stages of acute 
rheumatism and of chorea. It is an occasional complication of pyzemia, 
puerperal fever, gonorrhceal arthritis, searlatina, typhoid fever, and 
chronic Bright’s disease. The limitation of the disease, after birth, to 
the left side of the heart seems to be mainly due to the higher blood- 
pressure and greater friction, as well as to the greater oxygenation of 
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the blood which favors the growth of most of the organisms concerned. 
In feetal life, on the other hand, the right side is more subject to strain 
than the left, and it is also more readily infected from the placenta. 

The first effect of the irritant is to produce necrosis of the superficial 
layers of the endocardium. This is shown by the failure of the nuclei 
to stain. Upon these necrotic patches the passing blood coagulates in 
laminated thrombi. In many of the milder cases, according to some 
observers, no further change occurs, at any rate in the aortic valves, 
until reparative processes begin. According to others, multinuclear 
leucocytes appear in the neighborhood, and the endocardium swells. 
All agree that hypersemia, visible to the naked eye, is rare, and that 
in the mitral valves, which are more freely supplied with vessels than 
the aortic, exudation occurs at an earlier stage. 

The next stage varies with the irritant and with the treatment. 
(1) When the original invasion is slight and the necrosis superficial, 
and when the heart’s action is as far as possible reduced, the prolifera- 
tion of tissue-cells, characteristic of repair, quickly follows. Superficial 
parts of the firm and minute thrombi disappear and the remainder 
becomes organized (p. 209). The final result is a slight, permanent 
thickening of the affected parts with very slight narrowing or distortion 
of the orifice and its valves. (2) When the irritation is more intense 
or more prolonged, the necrosed patches are bigger and more numerous, 
while the adherent thrombi are proportionately ‘larger. The term 
“warty”? endocarditis is often applied to this form (endocarditis verru- 
cosa) (Fig, 252). Distinct and considerable swelling of the endocardium 
follows, and the orifices may be partly blocked, and the valves ren- 
dered, to some extent, incompetent. Fragments of sufficient size to 
cause embolism may be detached from the thrombi, while pressure of 
the blood, e. g., on the aortic valves during diastole, may produce a 
local bulging (aneurism of valve), or even a rent in that part of the 
valve where the necrosis of the endocardium on the opposite side has 
seriously weakened its resisting power. In these cases the reparative 
process is delayed, but when it does occur it is attended by much 
organization and, later on, in some cases, by calcification of the ad- 
herent thrombi and by the formation of much new cicatricial tissue in 
the valves and their attachments. In this way the extremest forms of 
distortion and rigidity, already alluded to, are produced. Sometimes 
there is but little evidence, either clinical or post-mortem, of any pre- 
ceding acute disease. The changes are limited to thickening and 
rigidity of the orifices and their valves. It is possible that prolonged 
mechanical strain without any acute endocarditis may give rise to these 
changes, especially as cedema of the chordee tendinex has been ob- 
served, experimentally, to follow strain, and as the condition is often 
associated with chronic endarteritis, a disease also largely attrib- 
utable to the same cause. Such changes are sometimes spoken of 
as chronic endocarditis, but the use of the term, if employed at all, 
should be limited to the reparative stage of the acute form (Fig. 253). 
(3) When the disease is due to an invasion of large numbers of 
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pyogenic bacteria, and especially when this affects a valve already the 
subject of a milder attack, the endocardium becomes the seat of 
miliary abscesses, and the ulcerative, malignant, or infective type of the 
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Old endocarditis—twenty years after acute attack. Aortic valves generally thickened (a), ad- 
herent (6), and somewhat rigid. Mitral valves thickened, adherent, and calcified; e¢, 
chorde tendinee thickened and shortened; calcified masses projecting through to the 
ventricular side of the valve. Orifice behind valve is reduced to a rigid buttonhole slit. 


Reduced 3. 


disease occurs. The lesions in these cases are not confined to the 
valves, but readily spread to all parts which come into contact with 
them. Rupture of an aortic valve and aneurism of the heart, though 
never common accidents, occur more often in this than in other forms, 
but ulcers in the endocardium, and septic infarcts and miliary abscesses 
in distant parts, are both usual and characteristic. 


Myocarditis. 


Myocarditis, or inflammation of the cardiac walls, is less frequent 
than the preceding. 

1. Suppurative inflammation occurs as a result of a pyeemic process. 
Tn these cases colonies of micro-organisms reach the muscular tissue 
either by way of the coronary arteries or by direct extension from an 
infective ulcer in the endocardium. Collections of leucocytes gather 
round them and the fibres in their neighborhood undergo necrosis. _ If 
the patient survive long enough, definite abscesses are formed. When 
the inflammation spreads through the wall.of the heart to the endocar- 
dium, thrombosis may occur within the ventricle, owing to the injury 
to its lining membrance. This thrombosis is generally limited to the 
apica: portion When the inflammatory foci are sufficiently numerous 
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the consequent weakening of the wall may give rise to aneurism : this 
is usually preceded by septic pericarditis. 

9. A less intense form of myocarditis is met with an association with 
pericarditis and less commonly with endocarditis. Here the inflamma- 
tory process involves the immediately adjacent muscular layers of the 
organ which are found infiltrated with small cells, the fibres themselves 
being clear and structureless from coagulation-necrosis, or softened and 
granular from degeneration. A still more diffuse form of myocarditis, 
in which the heart is more generally involved, is found in certain cases 
of acute rheumatism, scarlatina, and other infective fevers. The micro- 


Fic. 254. 


Acute rheumatic myocarditis, associated with endo- and pericarditis. To the naked eye, the 
myocardium was “fatty” only. The tissues around the artery, seen in longitudinal section, 
are infiltrated with leucocytes, and hemorrhage has occurred on the right-hand side. Above 
this point the fibres are granular. A case of myocarditis ending in sudden death. (Mott.) 


scopic appearances are much the same as those just described. Leuco- 
cytes is varying numbers infiltrate the intermuscular tissue, which may 
also be the seat of minute hemorrhages. The change is most marked 
in the left ventricle, and is also usually associated with endocarditis or 
pericarditis (Fig. 254). 


Myomalacia Cordis. 


1. Myomalacia cordis is the term applied by Ziegler to the occur- 
rence of necrosed areas in the myocardium as a result of the local depri- 
vation of arterial blood. Usually this is due to thrombosis of some 
branch, large or small, of an atheromatous or otherwise diseased coro- 
nary artery. Occasionally it may be due to embolism. The left ven- 
tricle is more commonly affected than the right, and the apex more often 


DISEASES OF THE HEART. | 441 


than any other part. If the necrosed areas be large or numerous, and 
extend to the endocardium, aneurysm of the heart and thrombosis in the 
cavity of the left ventricle (apex) may follow (Fig. 255). 

The tissues supplied by the blocked vessel generally undergo coagula- 
tion-necrosis, in which process even the connective-tissue cells may occa- 
sionally participate. As a rule, however, in the areas where the muscle- 


Fig. 255. 


ia 


reginng? 


Aneurism of the heart, with thrombosis in the cavity of the left ventricle, and commencing 
pericarditis—from a case of myomalacia cordis. a,laminated thrombus with softened centre 
occupying the aneurismal pouch in the ventricular walls; 6, extension of laminated throm- 
bus adherent to the septum in the direction of the aorta; c, incision to show nature of 
thrombus; d, fibrinousvxudation on inflamed pericardium; e, e’, wall of aneurism formed 
by myocardium ; /, wall of aneurism formed by pericardium. Reduced %4. 


fibres have disappeared the connective-tissue nuclei still stain readily 
(Fig. 256). Sometimes the necrosed areas are infiltrated with blood 
from the neighboring capillaries (infarction). If the hemorrhage be 
copious, the color, to the naked eye, will be dark red. If no hemor- 
rhage occur, it will be yellow; if the hemorrhage be only small in 
amount, the affected portion may have a red border and a yellow centre, 
or be of a mottled tint, according to the extent of the extravasation. 
In any case, the older the lesion the grayer its color. This change in 
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color is due to the reparative processes which follow. The necrosed 
areas soon become the seats of a celiular tissue and, later on, of a hard 
cicatricial mass. When a number of such areas have been thus replaced 
by scar-tissue, the term fibroid heart is applied to the affected organ. 


Fibroid Heart. 


According to some authorities, myomalacia cordis is the most fre- 
quent cause of a fibroid heart, but many of the cases of the latter dis- 
ease may be probably attributed to (1) the reparative process following 
a gradual atrophy of the fibres, dependent on endarteritis of the smaller 


Fic, 256. 


A necrosed patch in the myocardium. At d, where the muscle-fibres have disappeared, the 
structure consists of the connective-tissue stroma and the débris of necrosed muscle-fibres. 
At other places engorged bloodvessels and extravasated blood (b, c) are seen. The muscle- 
fibres remaining (a) have lost their striation. > 150. 


vessels, and on the consequent gradual diminution of the blood-supply ; 
(2) to a similar reparative process succeeding the myocarditis occurring 
in some of the infective fevers ; (3) to prolonged venous engorgement 
of the heart ; (4) to the final stage of syphilitic gummata ; and (5) to 
pericarditis. When secondary to pericarditis, the change is usually most 
advanced in the more external portions of the cardiae walls, and com- 
monly affects both the right and left ventricles. 
Whatever the cause, the heart is usually enlarged, and fatty degen- 
eration of the muscular fibres is found outside the fibroid areas. More- 
over, the function of the heart is materially impaired, and fibroid 
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induration accordingly constitutes one of the gravest of all cardiac 
diseases (Fig. 257). 


VII. DISEASES OF BLOODVESSELS. 


It is generally taught that the middle and inner coats of arteries 
are non-vascular, the vasa vasorum not penetrating beyond the external 


Fig. 257. 
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Fibroid heart. Showing broad strands of cicatricial] tissue (a) between groups of muscle-fibres 
(b, b!), many of which are entirely separated from each other (ce); d, oblique section through 
anartery. In a similar section from anormal heart nearly the whole area would be occu- 
pied by the muscle-fibres. 75. (From a specimen by Dr. Rolleston.) 


coat; and that the intima is nourished by the blood in the lumen of 
the vessel. But Mott has shown that the vasa vasorum may enter the 
media, even in normal arteries, and has suggested that the apertures 
in the membrana fenestrata may allow fluids to pass from the vasa 
vasorum into the intima. In support of the view that the intima is 
not nourished solely by the blood within the lumen of the vessel 
Mott has shown that it may persist round thrombi, which must have 
cut off that source of supply (Fig. 109). 

Moreover, the proliferative arteritis which occurs in the organiza- 
tion of thrombi affords additional support to this conclusion (p. 209). 
It is quite certain that, in chronic inflammation of the arteries, vasa 
vasorum frequently penetrate into the middle, and even the inner, coat 


(Fig. 258). 


#, 
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Degenerative Changes in Arteries. 


The walls of arteries are liable to various forms of degeneration. 
Fatty degeneration may affect the intima or the media (p. 58); hyaline 
degeneration is generally limited to the intima (p. 63) ; while amyloid 
disease, though commencing in the intima, frequently involves all three 


Section of an atheromatous aorta: the intima is much thickened (2) ; passing in from the externa 
through the media are vessels, about which hemorrhage (h) has occurred ; the lumina of the 
main trunks of these (€) in the externa are almost obliterated by an endarteritis. (Mott.) 


‘coats (p. 64). Calcification is generally secondary to one or other of 


the foregoing degenerations (p. a), 


Inflammation of Arteries. 


(1) Infective Arteritis—In this disease, pyogenic cocci are conveyed 
to the wall of an artery, either by its vasa vasorum or by the blood 
within its lumen, and there give rise to an abscess. In most cases this 
is found in the media, or between the media and the adventitia. The 
wall is softened and infiltrated with leucocytes, and, in places, all trace 
of its original structure may be lost. Thrombosis, dilatation of the 
lumen (aneurism), and rupture of the vessel are common results of this 
condition. 

An acute form of arteritis, known as periarteritis nodosa, is described. 
It may affect all arteries except the pulmonary, and is characterized by 
the presence of nodules on the outside of the vessels, representing in- 
flammatory foci and inyolving the adventitia and media. . Such cases 
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are probably of infective origin: many are attributable to syphilis, a 
similar condition being found in gummata. 

(2) Proliferative Arteritis—Thickening of the intima and media, 
by proliferation of their component cells, is sometimes met with. It 
is accompanied by diminution of the lumen of the vessel, and occa- 
sionally by complete obliteration (p. 208). This condition frequently 
follows torsion, ligature and other injuries, embolism, and thrombosis. 
The cause, whether it be some irritant conveyed by the vasa vasorum, 
or some kind of mechanical damage, is, in most cases, non-infective ; 
but micro-organisms are occasionally met with, presumably of a low 
degree of virulence. 

(3) Aortitis——A special form of arteritis is described in connection 


Fig, 259 


er 


Obliterative arteritis of internal carotid. 12, (From a specimen by Dr. Rolleston.) 


with the aorta. It leads to the formation of small, pearly, pinkish 
patches slightly raised above the surface of the intima. These are 
mainly due to a proliferation of the cells of the part: parietal thrombi 
may be deposited on their surface. 


Arteriosclerosis. 


This term includes all chronic degenerative changes peculiar to 
arteries, other than those immediately due to syphilis. ; 

Two forms are generally described, the nodular and the diffuse. 

(1) The nodular form, often known as atheroma, affects chiefly the 
larger vessels and those at the base of the brain. In its early stages it 
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takes the form of gelatinous, slightly raised, yellowish patches, covered 
by endothelium. In cases of long standing, firm, fibrous, or calcified 
plates, covered with endothelium or exposed to the blood-stream, may 
be present. The circumference of the lumen is not uniformly affected 
(Fig. 259), although complete rings may be found round the mouths of 
branches where they leave the main trunk. The arch of the aorta, a 
common seat of the change, is often so studded with small, thickly 
set, raised plaques, that it resembles crocodile-skin. Sometimes the 
patches of new tissue may undergo fatty degeneration, and subse- 
quently softening. In the latter case, soft, yellowish, pultaceous 
material, consisting of fatty débris and cholesterin crystals, is found in 
the deeper layers of the intima. This has been termed an atheromatous 
abscess. If the superficial layers of the intima degenerate or are torn, 
the degenerated products may he discharged into the blood-stream and 
an atheromatous ulcer be left. 

The orifices and branches of the coronary arteries are particularly 


Fic. 260. 


Arteriosclerosis (atheroma) of the aorta. Showing the localized thickening of the inner coat 
and the apparent bulging inward of the vessel. Some of the new tissue has undergone 
fatty degeneration. There is also some thickening of the middle coat. 7, internal; m, mid- 
dle; e, external coat of vessel. x 25. 


liable to atheromatous changes, and are often much narrowed. The 
blood-supply of the heart is, in these cases, proportionately lessened, 
and the tendency to fatty degeneration of its muscular walls increased. 
It is by no means certain that the patches, which project into the 
lumen after death (Fig. 260), do so during life ; for Thoma found that 
if atheromatous arteries were injected with melted paraffine, at a 
pressure equal to that of the blood-stream, the solid casts obtained were 
cylindrical and showed no corresponding depressions. 

Under the microscope, in the earliest stages of the process, the deeper 
layers of the intima are found to be much thickened. The thickening 
is probably due to a proliferation of the component cells, and the 
proliferation may possibly be the result of the action of bacterial 
products or of some other irritant. Many of the new cells may 
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develop into fibrous tissue, resulting in a dense fibroid plaque or in a 
more diffuse thickening. Areas of fatty degeneration are generally 
found in the central and deepest parts of these patches of fibrous tissue. 
The muscle-fibres of the middle coat become swollen and undergo 
hyaline degeneration, while the elastic tissue atrophies, its fibres being 
sometimes ruptured. 

(2) The diffuse form affects smaller arteries and causes great thick- 
ening of their walls, with a marked, if not proportionate, diminution of 
their lumina. The changes are more uniformly distributed than in the. 
nodular form of the disease. Both the intima and media undergo hya- 
line degeneration, and the internal elastic lamina in many places disap- 
pears. This condition corresponds to the arteriocapillary fibrosis of 
Gull and Sutton, and is found associated with hypertrophy and fibrosis 
of the heart and atrophy of the kidneys (granular contracted kidney)— 
the commonest form of chronic Bright’s disease. 


Results.—It is obvious that the changes which have been described 
will gradually impair the strength and elasticity of the vessel-walls, and 
thus affect the circulation in the parts beyond. Moreover, the diminu- 
tion of the lumen, and the change in the lining membrane of the vessel, 
will predispose to thrombosis and occasionally give rise to embolism. 
On rare occasions the narrowing of the vessel may be so great as prac- 
tically to obliterate the lumen and to produce gangrene of the parts 
supplied. This condition is often spoken of as obliterative arteritis, and 
is by some regarded as a distinct disease. The loss of strength in the 
vessel-wall will cause it to give way under the constant pressure— 
aneurism. General dilatation of the vessel may result: when this is 
extreme, it is known as a fusiform aneurism. When the vessel is espe- 
cially weakened at one spot—for instance, by 
the formation of an atheromatous ulcer or by Fie. 261. 
the rupture of its middle coat—a local dilata- 
tion or sacculated aneurism may occur (Fig. 

261). When this has reached a certain size, 

its wall may rupture, and fatal hemorrhage et 
result. If the external coats have been uni- \ 

formly strengthened by the formation of chronic — yiiary aneurisms on a branch 


inflammatory tissue in them, this result will be —_ of the middle cerebral artery, 
from a case of cerebral hem- 


proportionately delayed. If an atheromatous Blice, Thsyerene: thie 
abscess bursts before the tissues round its birds’ nests in a tree. (Mott.) 


margin have been matted together by fibroid 

growth, the blood may find its way into the substance of the media, 
and, making for itself a cavity between the coats of the vessel, form 
a dissecting aneurism. This occurs only in the aorta and its largest 
branches. Ultimately the blood may burst either through the externa 
into the surrounding tissues, or through the intima into the lumen of 


the vessel. anes 
The affected parts show the usual results of impaired blood-supply 


(pp. 40, 49, 174). 
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Etiology.—Arteriosclerosis must unquestionably be classed amongst 
senile changes. Like other senile manifestations, it occurs much earlier 
in some persons than in others. It is highly probable that it is also 
hereditary, a belief mainly based upon the early occurrence of arterial 
degeneration in those whose ancestors have succumbed to apoplexy. Its 


Fie. 262. 


External coat of aorta in an early stage of arteriosclerosis, showing peri-arteritis and cell-infil- 
tration from the vasa vasorum. The walls of the vasa vasorum seen in section are much 
thickened. It was amarkedly syphilitic case. x 110. (Mott.) 


advent is also accelerated by the presence of gout, aleoholism, plumbism, 
syphilis, mechanical strain, and any cause which increases the blood- 
pressure. Grout, alcoholism, and plumbism are associated with abnormal 
metabolism. Syphilis, in addition to the equally pernicious influence of 
its assumed toxin, causes endarteritis of the vasa vasorum (Mott) (Fig. 
262). The proofs that mechanical strain has a special influence in its 
production are: (1) the much greater frequency of arteriosclerosis in 
the aortic than in the pulmonary system ; (2) its occurrence in the latter 
when its blood-pressure is raised, as in mitral obstruction ; (8) its rela- 
tive frequency in those systemic arteries which are most exposed to 
strain, especially the arch of the aorta; and (4) its presence in condi- 
tions accompanied by rise of blood-pressure. Athletes, and those 
engaged in laborious occupations, are especially liable to the disease. 


Pathology.—There is no generally accepted explanation of the 
processes which culminate in advanced arteriosclerosis. Thoma 
whose work on this subject is very exhaustive, believes that loss a 
elasticity in the arterial walls is the primary change. This is followed 
by distention of the affected vessel and slowing of the blood-stream. 
Compensatory thickening of the intima follows, tending to reduce the 
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calibre of the dilated vessels to its original size, and so maintain the 
normal rate of blood-stream. Unfortunately the nutrition of the new 
tissue cannot, in most cases, be maintained—hence degeneration of 
the thickened intima follows. Thoma found that the local patches of 
thickened intima exactly correspond to the places where the media was 
giving way, and obtained additional evidence in favor of his view by the 
injection of the bloodvessels already referred to (p. 446). In Thoma’s 
opinion, the thickening of the intima is a conservative process. 

By these changes the vessel is converted into a more or less rigid 
tube, and the circulation is proportionately impaired. This difficulty 
is overcome by the increased action and hypertrophy of the left ven- 
tricle of the heart. But this hypothesis does not explain why primary 
weakening occurs. Mott’s view, that this is due to an endarteritis of 
the vasa vasorum, which is frequently present, is in many cases highly 
probable (Fig. 258). In others, the loss of elasticity may be a true 
senile change, as it often seems to be in emphysema. 


Inflammation of Veins. 


Inflammation of veins (phlebitis) is very analogous to inflammation 
of arteries. Acute infective phlebitis is decidedly more frequent than 
acute infective arteritis. In most cases it is due to the presence and 
growth of organisms (acute suppurative phlebitis). The wall of the 
vein becomes swollen and densely infiltrated with multinucleated leuco- 
cytes. All appearance of normal structure is lost, the cells nearest the 
lumen die and are cast off, as in the wall of an abscess, into which the 
wall of the vein has been practically converted (Fig. 263). Septic 
thrombosis follows and, in many cases, pyzemia. 

Non-infective and proliferative phlebitis are due to the same causes, 

and present the same appearances, as the similar affections of arteries. 
A recurrent phlebitis, especially common in the internal saphenous vein, 
is frequently met with in gout. 
, A phlebosclerosis, somewhat similar to arteriosclerosis, may be found 
in the pulmonary veins in cases of mitral stenosis, and in the portal 
veins in cirrhosis of the liver, as well as combined with arteriosclerosis, 
and due to the same causes. 


Varicose Veins. 


In some persons especially predisposed, constant but comparatively 
slight increase of the pressure in the veins of the legs, spermatic cord, 
or rectum, will produce an irregular but very marked dilatation, 
lengthening, and tortuosity of the vessels in question. Portal obstruc- 
tion will produce the same results in the veins of the hemorrhoidal 
plexus apparently without any predisposition. Other veins are simi- 
larly, but less frequently, affected. The dilatation and other changes 
may be accompanied by thickening of the walls, due to the formation 
of fibrous tissue. 

29 
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When the dilatation is mainly saccular in form, the walls may be 
exceedingly thin and easily rupture: this is frequently the case when 
the rectal veins are involved (hemorrhoids). The projecting skin or 
mucous membrane covering varicose veins is especially liable to fric- 
tion. The excoriation thus produced is followed by progressive ulcer- 
ation, which only heals when the increased venous pressure is removed. 


Fie. 263. 
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Section through a portal canal in a case of suppurative pylephlebitis arising in connection with 
“umbilical pyeemia.” The vein-wall (V) is converted into granulation-tissue. Lumen of 
vein is below on the left. x 60. (Boyd.) 


When the friction is less severe, overgrowth of the surrounding con- 
nective tissue may occur. Thrombi and phleboliths may be found 
within the dilated veins. 


VIII. DISEASES OF THE RESPIRATORY ORGANS. 


Pneumonia. 


In the lungs, inflammatory processes may, for convenience of de- 
scription, be divided into three varieties: (1) erowpous, lobar, or acute 
pneumonia; (2) catarrhal, lobular, or bronchopneumonia ; and (3) 
interstitial, or chronic pneumonia. 


Acute lobar pneumonia (red hepatization). Vertical section through left lung. A, B, advancing 
margin of pneumonie area, with hyperemic edges; (, hemorrhagic areas; D, fissure between 
upper and lower lobes; EZ, normallung; F, larger bronehi; G, bronchial glands with pigment ; 
TZ, consolidated area; J, I’, pulmonary vein; K, engorged area, showing commencement of 
pneumonic process. Between K and Bseveral of these areas may be seen. In this specimen, 
contrary to the usual rule, the pneumonia commenced in the upper lobe and spread downward, 
death ensuing on the fifth day. x 34. 
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1. Acute, Croupous, or Lobar Pneumonia. 


Acute pneumonia is an infective disease characterized by inflamma- 
tion of the lung, leading to the solidification of a considerable area of 
the organ. It is usually limited to one lung, and the right is most 
frequently affected. The inflammation starts in the substance of the 
lung, from a focus which, in the majority of cases, is in the lower part 
of the lower lobe. The disease extends by continuity of tissue from 
this primary focus. The consolidated portion may exactly correspond 
to a single lobe, though quite as often it is less or more than this. 

~The inflammation of the lung is always accompanied by inflamma- 
tion of the pleura over the inflamed area, and sometimes, owing to the 
spread of the infection, by that of the peritoneum and pericardium. 
The bronchial glands are inflamed and swollen, the mediastinal connec- 
tive tissue is frequently cedematous, and acute secondary meningitis 
occasionally supervenes. The disease is accompanied by a high tem- 
perature, beginning with a sudden rise (p. 256), and ending by crisis ; 
cloudy swelling of organs results. Death, when it occurs, seems to be 
due to cardiac failure, induced by general poisoning. 


Etiology.—This disease was formerly attributed to a chill, and, in 
certain cases, its connection with exposure to cold and damp is very 
striking. Exposure is, however, only a predisposing cause, for it occurs 
in but a small minority of the cases. Moreover, although the disease 
is most prevalent in the early spring, it does not especially affect those 
who are most exposed to the vicissitudes of the weather, nor does its 
prevalence rise and fall with that of bronchitis. 

Similarly, depressed health is only a predisposing cause. Typically 
healthy people are often affected, but it is especially liable to occur as a 
complication in cases of erysipelas, typhoid fever, chronic alcoholism, 
and other debilitating diseases. Pneumonia is prone to recur in a 
person who has once suffered from it. 

The disease is occasionally so prevalent as to be practically epidemic. 
Small outbreaks occasionally occur in wards, prisons, and similar places ; 
the disease is sometimes endemic in a house, from time to time attack- 
ing different people in it ; but there is no evidence that it is contagious. 


Pathology.—Acute pneumonia is a general infective disease in 
which the inflammation of the lung is the characteristic local lesion. 
This is shown by the typical course of the fever, ending usually in a 
crisis between the fifth and eighth days, and by the absence of any 
constant relationship between the extent of the local inflammation and 
the intensity of the fever. 

In the large majority of cases the disease seems to be due to the 
growth of the Diplococcus pneumonize (p. 296). Less commonly 
Tod andere ten sae om a : : 
I riedlander 8 bacillus, streptococci, or the bacilli of tuberculosis, typhoid 
fever, or diphtheria have been found, especially in pneumonia occurring 
in the course of other diseases. But even in these secondary pneumo- 
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nias the Diplococcus pneumoniz (pneumococcus) is the organism most 
frequently met with. The precise method of infection is unknown. 
The pneumococcus exists normally in the mouth, and can generally 
be found on the surface of the tonsils. Indeed, all the organisms just 
mentioned may be met with in the air-passages of persons free from 
pneumonia. Experimentally, any of these organisms may be blown into 
the trachea without causing this disease ; but pneumonia follows (1) if 
dust be simultaneously injected ; or (2) if the animals, after being kept 
warm, are suddenly immersed in a cold bath at the time of the injection. 


Morbid Anatomy.—The local process is characterized by intense 
inflammatory hyperemia of the lung, and by the exudation of a large 
amount of coagulable material into the pulmonary tissue. It is termed 
“‘croupous”’ from the fibrinous character of the exudation. The term 
lobar” is applied to it because it almost invariably affects an extensive 
portion of the lung. The process is commonly described as consisting 
of three stages—(1) that of engorgement ; (2) that of red hepatization ; 
and (3) that of gray hepatization. 

In the first stage, that of engorgement, small patches of lung-tissue, 
only visible in large, thin sections, become intensely hyperemic and 
rapidly run together to form a large uniformly engorged dark-red area. 
The weight of this congested portion of the lung is increased, its elas- 
ticity is diminished, its substance is less crepitant and more friable than 
natural, and its surface pits upon pressure. On section, it yields a 
reddish, frothy, tenacious liquid. 

In the second stage, that of red hepatization, there is an exudation of 
fluid and blood-corpuscles into the pulmonary tissue. Some of the vessels 
may also rupture and small extravasations occur. The exuded liquids 
coagulate within the air-vesicles and terminal bronchioles, and form 
a semi-transparent coagulum enclosing red corpuscles and leucocytes in 
its meshes (Fig. 263). The fibrin-filaments, according to Weichselbaum, 
are much thicker and more numerous in cases due to the Diplococcus 
pneumoniz. Contrary to the usual rule in acute inflammations, the 
uninucleated leucocytes are as plentiful as-the multinucleated: both 
forms may contain pneumococci. The lung is now much heavier than 
in the preceding stage, and is increased in size, so as to be often marked 
by the ribs. The affected portion can be recognized before a section is 
made, for the pleura over it is hyperemic, opaque, and covered with 
fibrinous exudation, while the distention, firmness, and dark purple 
color of the lung beneath cannot escape notice. It is quite solid, sinks 
in water, and cannot be artificially inflated. It does not crepitate under 
the fingers, and is remarkably friable, breaking down readily with a 
soft granular fracture. The cut surface has a granular appearance, seen 
especially when the tissue is torn. This is owing to the small masses 
of coagulated exudation, which project from the alveoli they fill. There 
is no lobulation of the margin of the inflamed area, no outlying racemose 
nodules or other indication of infection spreading by the bronchi. The 
color is of a dark reddish-brown, here and there passing into gray, 
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This admixture with gray sometimes gives a marbled appearance. The 
red color is due chiefly to vascular engorgement, but partly to extrava- 
sated red corpuscles. Throughout this stage the vessels in the alveolar 
walls are engorged, while the alveolar epithelium is usually swollen 
and granular. If a section of the spreading edge be examined at this 
stage, it will be found intensely hyperzemic. The hyperemia extends 
irregularly into the adjacent tissue (Fig. 264). 


Fig. 265, 


Acute lobar pneumonia (red hepatization). a, alveolus containing fibrin-filaments and a few 
blood-corpuscles ; , alveolus containing a larger proportion of corpuscles; c and d, desqua- 


mated alveolar epithelium; v7, vein. Most of the red blood-corpuscles in the alveoli are 
stained; those in the vein are unstained. x 120. 


The third stage, that of gray hepatization, is characterized by a marked 
emigration of leucocytes, and by more extensive degenerative changes in 
the alveolar epithelium. The alveolar walls are infiltrated, and the 
alveoli distended with the emigrated leucocytes. The walls and the con- 
tents of the alveoli now assume a uniform appearance, and the granular 
appearance of the red stage is lost (Fig. 265). The fibrinous material 
next disintegrates, and the white cells rapidly undergo fatty changes, 
whilst the red are decolorized, so that the alveoli are seen to be full of 
evanular elements, which im many parts have lost their distinctive out- 
lines (Fig. 266). Occasionally, when this stage is unusually advanced, 
the alveolar walls may be found, here and there, partially destroyed. 
The weight, density, and friability of the lung are now even greater 
than in the stage of red hepatization. The tissue is soft and pulpy, and 
a puriform liquid exudes from its cut surface. The most prominent 
feature, however, is the difference in the color of the organ. Instead of 
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a dark, redish-brown color, the section now appears a gray or yellowish- 
white, marbled by the tracts of pigment-bearing connective tissue. The 
pallor is owing partly to the fatty degeneration which the cells have 
undergone, and partly to the pressure exercised upon the bloodvessels 
by the exuded substances and newly formed cells ; but since Rindfleisch 
has shown that it is always easy to inject the vessels, it would seem likely 
that a good deal of the pallor is due to the fall in blood-pressure after 
death. This, in all probability, only occurs in fatal cases. 

Although these three stages of the pneumonic process have been 
described as succeeding one another in orderly succession, it must be 
remembered not only that each stage does not occur simultaneously 


Acute lobar pneumonia (gray hepatization). Lobules full of degenerating leucocytes and fluid 
exudation; and two veins full of red blood-corpuscles. > 100. 


throughout the whole of the affected area of the lung, but that in some 
cases it is more accurate to speak of only two stages—engorgement and 
hepatization. Patches of gray hepatization may be found in recently 
invaded parts of the lung, and patches of red hepatization in those por- 
tions which were earliest affected. The exact characters of these changes 
not improbably depend on the presence of centres of infection, on the 
nature and virulence of the organisms present, and on the local con- 
ditions influencing their growth. According to this explanation, the 
exudation first filling the alveoli remains unaltered until degeneration 
and disintegration set in. The bronchi in the affected area are always 
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inflamed, and usually contain a viscid, blood-stained, rust-colored mucus, 
which forms the characteristic expectoration. Sometimes the sputum 
is dark and watery, like prune-juice. This is probably owing to the 
addition of serous exudation from neighboring parts of the lung. 


Terminations.—If the patient survive the stages of the disease 
already described, the pneumonic process will end in one of four ways. 

1. Resolution —The gradual return of the lung to its normal con- 
dition is the most frequent termination of croupous pneumonia. This 
is effected by the fatty degeneration and liquefaction of the inflamma- 
tory products which have accumulated within the alveoli. Thus altered, 
they are removed principally by absorption and, to a less extent, by 
expectoration. This process is assisted by the return of the blood- 
vessels to a normal condition and the re-establishment of the circulation. 

2. Gangrene.—This result is rare, and is chiefly found in drunkards 
and in persons of debilitated constitution. Two conditions appear to 
be principally concerned in bringing about this result : (1) the inter- 
ference with the supply of blood by the formation of coagula in the 
pulmonary and bronchial vessels, together with considerable hemorrhage 
into the pulmonary tissue; and (2) the local toxic influence of some 
special form of septic infection. The gangrene is usually limited to a 
small area of the pneumonic lung, and is either diffused or circumscribed. 
In the former, the exudation and lung-tissue in the gangrenous area 
form an ill-defined, semi-diffluent, dirty gray, foetid substance ; in the 
latter, an abscess cavity containing a pulpy slough of similar color and 
odor. 

3. Abscess.—The formation of abscess is also a rare result of pneu- 
monia. It occurs under conditions similar to those which predispose 
to. gangrene, which indeed it not infrequently follows. Abscess is 
commoner in the upper than in the lower lobes. It may follow cir- 
cumscribed gangrene, or it may arise, as in other places, from the 
growth of pyogenic cocci without any necrosis visible to the naked eye. 
When preceded by gangrene, the necrosed tissue may be expelled 
through the bronchi, and the resulting cavity heal by granulation and 
cicatrization. Abscesses formed in these ways are usually single, and 
thus differ from those due to pyeemia. 

4. Chronic Pneumonia.—If the inflammatory process does not sub- 
side, and the exudation is not absorbed, the alveolar walls gradually 
become thickened by the growth of fibrous tissue. In rare cases the 
intra-alveolar exudation becomes organized. These changes lead to 
a general induration of the affected part of the lung. This termina- 
tion of croupous pneumonia is comparatively rare. 


2. Lobular, Catarrhal, or Bronchopneumonia. 


Bronchopneumonia is an inflammation of the lung, due to an irri- 
tant entering by the bronchi. This irritant gives rise to an inflamma- 
tion of the smaller bronchi, spreading to the bronchioles and alveoli. 
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As soon as the substance of the lung is involved the term “ broncho- 
pneumonia” is applicable. 


Etiology.—Bronchopneumonia is especially frequent in youn 
children and in aged persons, and often in such cases ends fatally. 
This result is due to the interference with the entrance of air through 
the inflamed bronchioles, to the limitation of the oxygenating area, and 
to the absorption of toxins. The immediate causes of death are, there- 
fore, asphyxia and cardiac failure. 

There are many irritants which, gaining access to the air-passages, 
can excite inflammation of the bronchioles and subsequently of the 
alveoli. Among these may be mentioned (1) irritant gases; (2) dust 
of various kinds, such as particles of carbon (p. 470), steel, iron, or 
stone, which differ in their irritant qualities, and, therefore, in the 
acuteness of the inflammation to which they give rise; and (3) organ- 
isms, of which the most important is the Bacillus tuberculosis—for 
bronchopneumonia is the principal lesion in pneumatogenous pulmo- 
nary tuberculosis (phthisis). Not infrequently the growth of the 
pheumococcus may act as the immediate cause (p. 297). Moreover, 
septic organisms, conveyed with portions of food or of saliva, may 
enter the air-passages, especially when the glottis is insensitive or 
paralyzed. Blood and putrid discharges may be sucked into the 
bronchi during operations on the mouth or nose, or when they occur 
in wounds or diseases of these parts. Among other organisms which 
may enter the lungs by aspiration are the actinomyces and the bacilli 
of diphtheria and of glanders. (4) Bronchitis, whether simple or oc- 
curring in specific diseases such as measles, whooping-cough, and 
variola, is a common antecedent of bronchopneumonia. 

All conditions depressing the general health and strength predis- 
pose to bronchopneumonia, But, whenever bronchitis has reached the 
smallest tubes, extension of the inflammation to the alveoli may occur 
without collapse. 


Pathology.—Bronchopneumonia has been produced experimentally. 
Animals have been made to inhale irritant gases or suspended particles 
of various kinds. Further, by division of the vagus, saliva and food 
have been permitted to enter the air-passages. The resulting changes 
vary (1) with the size of the inhaled particles, and (2) with the intensity 
of the irritation which they are capable of exciting. Thus, very fine 
particles cause inflammation of widely separated lobules ; larger ones 
block some of the smaller bronchi, and cause collapse and secondary 
inflammation of lobules—results which have led to the name of “ lobular 
pneumonia.” The aspiration of a quantity of septic discharge or other 
fluid into a bronchus may affect many lobules or even a whole lobe. 
According to the intensity of the inhaled irritant, the result may vary 
from slight inflammatory edema in a collapsed patch, through all 
stages of inflammation up to gangrene. In the tubercular form (p. 
347) the inflammatory products caseate. 
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Morbid Anatomy.—The bronchi are always more or less inflamed 
and contain thick mucus. The lung-tissue contains a varying number 
of solid patches, due either to (1) collapse or to (2) inflammatory con- 
solidation. Emphysema, with more or less congestion and cedema, is 
commonly found in their neighborhood. 

Collapsed patches are particularly common in the lower lobe, 
especially along its thin borders. Sometimes a large portion of a lobe 
is thus involved ; at other times only a few, small, isolated patches. 
The surface of the collapsed part is depressed below the general surface 
of the lung. It has a dark bluish color, and is easily inflated from the 
bronchi. On section, it is dark-red, smooth, and shiny. It is tough 
and non-crepitant, and portions of it sink in water. On closer inspec- 
tion the patches are seen to be more or less conical, with their bases 
toward the surface of the lung and their apices toward the bronchi 
with which they are in connection. The pleura over a patch of col- 
lapsed lung is normal. 

Pneumonic patches are of conical form, and are airless, like the 
collapsed parts; moreover, they are similarly distributed. But the 
base of a pneumonic patch is raised above, never depressed below, the 
surface, while the patch forms a less pliable and more nodular mass. 
Occasionally, when it is of considerable size, its pleural covering may 
be opaque with inflammatory exudation. On _ section, pneumonic 
patches may be clearly defined, but their outlines are generally less 
distinct than those of collapsed patches ; they usually range in size 
from that of a pea to a hazel-nut. The surface of the section tends to 
rise slightly above the surrounding tissue: the substance is soft, friable, 
opaque-looking, smooth or faintly granular, at first dark-red in color, 
then passing through grayish-red to grayish-yellow—the lighter color 
being central. A turbid red or grayish juice can be pressed from it. 
Neighboring lobular patches often blend, and as the diffuse consolida- 
tion thus formed becomes paler, firmer and drier, it may occasionally 
resemble in appearance ordinary gray hepatization. Sometimes the 
pheumonic process is found involving patches of collapsed lung ; these 
consequently become swollen, opaque, and cedematous. 

When bronchopneumonia is so extensive that the consolidation is 
practically “lobar,” it is difficult to distinguish it from acute pneumonia. 
Eyidence of the blending of lobular masses, and especially the pres- 
ence of outlying patches in the neighborhood of the main mass, are the 
most important points to look for. The absence of adherent inflamma- 
tory exudation from the pleural surface is evidence against acute 
pneumonia; but it must be remembered that as such exudation may 
form over a bronchopneumonic area, its presence is of little pathogno- 
monic importance. 

In septic bronchopneumonia—the commonest cause of death after 
operations on the jaw, mouth, and pharynx—the pneumonic patches 
suppurate. The abscesses thus formed are sometimes foetid and con- 
tain sloughs of lung-tissue: such sloughs are surrounded by more or 
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less extensive consolidation ; and inflammatory hyperemia and cedema 
of the lung are marked. 


Fra. 267. 


a ag 
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Bronchopneumonia. From a child aged four, with capillary bronchitis. A section of one of the 
patches of consolidation. The alveoli are filled with what appears in the main to be 
inhaled bronchial secretion. »X 200. (Boyd.) 


Microscopically, in the early red stage, the alveoli contain fluid, red- 
corpuscles, and a few leucocytes, while the alveolar epithelium is 
swollen and granular. The alveoli rapidly become filled with a cell- 
mass, consisting of leucocytes and desquamated epithelium in varying 


Fre. 268. 


Catarrhal pneumonia. From a case of acute phthisis. Showing the large epithelial cells which 
fill the alveoli. Diagrammatic. > 200. 


proportions—leucocytes being in excess in the more acute (Fig. 267), 
and epithelial cells in the more chronic forms. In the most acute cases 
(septic bronchopneumonia), either suppuration and sloughing occur, or 
hemorrhagic exudation with subsequent gangrene. 


Terminations.—Resolution is the most common termination. The 
contents of the alveoli undergo fatty degeneration, and are removed by 
expectoration and absorption, the lung gradually regaining its normal 
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character. This process, however, is less readily effected than in croup- 
ous pneumonia, and it often occupies such a lengthened period that some 
thickening of the bronchial and alveolar walls, with dilatation of the 
smaller bronchi, remains. In chronic cases this fibroid thickening is 
more marked, and much irregularly distributed induration may occur 
accompanied by pigmentation and bronchial dilatation (p. 475). In 
these chronic forms, caseation sometimes affects the alveolar contents, 
which then become encapsuled, or, in quite exceptional cases, absorbed ; 
but such cases are ususally, if not invariably, tubercular. 

Hypostatic Pneumonia.—Allusion must be made to a form of consoli- 
dation which is often described as pneumonia, but which, for the most 
part, is not inflammatory in its nature. This is the so-called “hypo- 
static pneumonia.” This condition is met with at the bases and most 
dependent portions of the lungs in the course of both chronic and acute 
diseases, and also in the aged and debilitated. It consists in the main 
of collapse, passive hypersemia, and cedema of the lung-tissue, resulting 
trom weak inspiratory power, feeble circulation, and gravitation. The 
consolidation thus mechanically induced is increased by more or less ex- 
udation of fluid and blood-corpuscles into the alveoli. This exudation 
is due to the damage of the walls of the capillaries, caused by the im- 
perfect circulation. 


3. Interstitial or Chronic Pneumonia. 


Interstitial or chronic pneumonia is characterized by a gradual 
increase in the connective tissue of the lung, which leads to thickening 
of the pulmonary texture and to progressive obliteration of the alveolar 
cavities. It is commonly associated with catarrh and dilatation of the 
bronchi, and often with ulceration of the bronchial walls and excavation 
of the indurated lung (p. 478). 


Etiology.—In the large majority of cases interstitial pneumonia is 
secondary to some inflammation of bronchi, alveoli or pleura: it results 
also from persistent atelectasis or collapse. It may be stated generally 
that all inflammatory processes in the lungs, when they become chronic, 
lead to an increase of the connective tissue, and consequently to fibroid 
induration of the organs. 

Congenital syphilis gives rise to a geummatous and also to a diffuse 
interstitial pneumonia (white pneumonia). The latter is characterized by 
fibrosis with proliferation and desquamation of the alveolar epithelium. 
In adults, syphilitic changes in the lung are probably rare ; but it is 
impossible to be certain of the nature of some localized fibroid changes. 

The chief causes of interstitial pneumonia are : i 

1. Croupous Pneumonia.—The consolidation of acute croupous pneu- 
monia usually undergoes complete and rapid resolution ; but occasionally 
this is more protracted. Then the hepatized lung tends to become 
slightly indurated, mainly owing to thickening of the walls of the 
alveoli, and sometimes to organization of their contents. This indurated 
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hepatization differs but little in its physical characters from ordinary red 
and gray hepatization ; the lung is, however, firmer, more resistant, and 
less granular. 

2. Bronchopneumonia.—Bronchopneumonia is a more frequent cause 
than the preceding. The greater liability of this form of pneumonia to 
lead to pulmonary induration is to be accounted for partly by its longer 
duration and greater tendency to become chronic, and partly by the ex- 
istence of bronchial dilatation, with which it is so frequently associated 
(p. 475). The existence of this dilatation favors the persistence of the 
catarrhal and pneumonic process. The removal of secretion is rendered 
difficult ; and the retained secretion tends to keep up and increase the 
irritative process both in the dilated bronchi and the alveoli, and this 
persistence of the bronchial and pulmonary inflammation leads to fibroid 
thickening of the bronchial and alveolar walls. In this way areas of 
fibroid induration are produced, which, as the process extends, may ulti- 
mately involve large portions of the lung. The progressive tendency 
of the process is, probably, partly to be explained by the fact that pul- 
monary fibrosis is itself a cause of bronchial dilatation. When, therefore, 
fibrosis is once established, the new tissue in contracting induces further 
dilatation of the bronchi; and this, again, as before explained, favors the 
still further extension of the bronchial and pulmonary induration. 

Under this head may also be included those cases of induration and 
ulceration of the lung which result from obstruction of a main bronchus— 
such as is produced by the pressure of an aneurism. Here there tained 
bronchial secretion sets up inflammatory changes in the bronchial and alve- 
olar walls, which gradually lead to induration and ulceration of the lung. 

3. The Inhalation of Solid Irritating Particles —This is the common- 
est cause of interstitial pneumonia, leading to the fibrosis of the lung so 
common among miners, potters, stonemasons, grinders, and others. The 
continuous irritation of the inhaled particle induces a bronchial and 
alveolar inflammation, and ultimately a progressive fibrosis, with dila- 
tation and ulceration of the bronchi (p. 478). Such cases often become 
tuberculous. 

4, Pleurisy—This, in exceptional cases, leads to the development of 
an interstitial pneumonia. Such a result is most likely to occur in those 
cases of pleurisy which are more or less chronic, and in which the etfu- 
sion remains long unabsorbed. The induration thus induced is often 
partial, consisting merely in an increase of the interlobular connective 
tissue, originating and extending inward as dense bands from the thick- 
ened visceral pleura. In other cases, pleurisy gives rise to a much 
more general fibrosis. | 

5. Atelectasis, or failure of part of the lung to expand after birth, 
and persistent collapse lead to marked fibrosis of the affected area. 
Later on, bronchiectasis and obliteration of most of the alveoli occur. 
The original positions of the latter may be merely indicated by a few 
epithelial cells. 


Morbid Anatomy.—The appearances presented by the lung, when 
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the fibrosis is general and well advanced, are very characteristic. The 
organ is diminished in size ; the tissue is smooth, dense, firm—in parts 
almost cartilaginous in consistence—and is irregularly mottled with 
black pigment. The alveolar structure of the lung is in most part 
completely destroyed, and on section the dilated bronchi are seen as 
numerous large openings scattered over its surface. These dilated 
bronchi frequently become the seats of secondary inflammatory proc- 
esses, which may lead to ulceration and ultimately to extensive excava- 
tion of the indurated tissue ; but there is a complete absence of any of 
those caseous changes which are so characteristic of pulmonary tuber- 
culosis. This secondary inflammation of the dilated bronchi is induced 
by the irritating and often putrid secretion which they contain, and which 
is, as a rule, incompletely removed by expectoration. The pleura is 
considerably thickened and generally adherent. 

Microscopically, fibrous tissue is found in the interalveolar, peri- 
bronchial, and interlobular connective tissue. This new growth, as it 
increases and contracts, gradually replaces and obliterates the alveolar 
structure. The character of these changes, however, varies somewhat 
according to the nature of the cause. When the result of a crowpous 
pneumonia, the primary change takes place in the walls of the alveoli 
(Fig. 269), although ultimately the interlobular tissue is involved. The 


Fia. 269. 


Interstitial pneumonia. From a case of unilateral “fibrosis” of the lung. The bronchi were 
much dilated, and there was a complete absence of any caseous change. The drawing shows 
the new fibrous growth, both in the alveolar walls (b) and in the interlobular tissue (c), also 


the pigmentation. At (a) a divided artery is seen. With a higher power, a delicate reticu- 
lum is visible between the cell-elements. x 100. 


alveolar walls become thickened by the growth of fibrous tissue. The 
new-growth, in its earlier stages, contains new bloodvessels, but later 
on the tissue contracts, and many of these are destroyed. The alveolar 
cavities which are not obliterated are either empty or contain exuda- 
tion-products or a few epithelial cells. Cases occur in which, in addition 
to the growth in the alveolar walls, the intra-alveolar exudation becomes 
organized. There is nothing peculiar in the macroscopic characters of 
the lungs, and many of the alveoli are filled with leucocytes and a fibrin- 
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ous meshwork, similar to that met with in red hepatization (Fig. 270). 
The contents of some of the alveoli differ, however, in this respect— 
that many of the cells are long and spindle-shaped, and bloodvessels are 
distributed amongst them, communicating with those in the alveolar 
walls (Figs. 270 and 271). These changes are often confined to the 
parts adjacent to the pleura. The affected areas are ill defined, as they 
pass gradually into the normal lung-tissue. 


Fig. 270. 


Chronic pneumonia. Showing organization of intra-alveolar exudation-products. Blood- 
vessels are seen distributed in the exudation-products; these bloodvessels communicate 
with those in the alveolar walls. The alveolar walls are also thickened by a fibrous growth. 
X 120. 


When the fibrosis is secondary to an ordinary bronchopnewmonia, or 
to that induced by the inhalation of irritating solid particles, the alveolar 
walls are also involved, though the peribronchial and interlobular con- 
nective tissue plays a more prominent part in the process (Fig. 272). 


Chronie pneumonia. A portion of the intra-alyeolar exudation-products (Fig. 270) more highly 
magnified. Showing the elongated spindle-cells, the fibrillation, and bloodvessels contain- ~ 
ing blood-corpuscles. 290. 


The pleurogenic form results chiefly from empyemata. In these 
cases the new fibrous tissue extends inward in bands along the inter- 
lobular lymphatic vessels, which communicate freely with those of the 
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thickened pleura; thence it spreads to the peribronchial tissue. The 
lung is thus surrounded by a dense capsule, and a meshwork of anas- 
tomosing fibrous bands permeates its substance, obliterating many of 
the alveoli and leading to bronchiectasis. More or less bronchitis is 


usually present. 
Atelectasis and collapse are said to lead first to slight hemorrhages. 


Chronic bronchitis and bronchiectasis. Showing the growth of fibrous tissue around the 
bronchus (b), and the way in which this tissue is invading the walls of the adjacent alveoli; 
v, a divided artery. 50. 


The subsequent changes in the hemoglobin lead to the formation of 
some of the black pigment usually found in fibroid areas due to this 
cause (p. 470). The alveolar walls become fibrous, the epithelium is 
more or less shed, and the surfaces of the walls ultimately cohere. 


Vesicular Emphysema. 


Vesicular emphysema consists essentially in a permanent over- 
distention of the infundibula and air-cells due to atrophy of the inter- 
vening septa and to general diminution in the elasticity of the lungs. 
It should be distinguished from the acute overdistention often seen, 
especially in children, after death from bronchitis or whooping-cough. 
The condition of the lungs met with in these diseases is sometimes 
called “acute emphysema.” 


Varieties—Two varieties are described: (1) Hypertrophic or 
“ large-lunged” emphysema—by far the most important, and always 
indicated when the term “emphysema” alone is used ; (2) Atrophie, 
small-lunged, or senile emphysema. 

1. In hypertrophic emphysema the lungs are enlarged, sometimes so 
much that they actually cross in the mid-line in front, obliterate the 
superficial cardiac dulness, project into the neck, and push down the 
diaphragm. Owing to the loss of their elasticity the lungs collapse 
but slightly when the chest is opened, and their usually sharp edges 
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(in front and round the base) are pale, thick, round, and more or less 
irregular from the protrusion of soft, pale, rounded swellings. Similar 
swellings frequently project toward the diaphragm; the tongue-like 
piece of the left lung below the notch is often extremely swollen, and 
the lungs may bear distinct grooves corresponding to the ribs. Every- 
where, in advanced cases, the air-cells are seen through the visceral 
pleura with abnormal distinctness ; but the apices and sharp edges are 
first and chiefly affected, and spaces of considerable size are here met 
with. Abnormal pigmentation is usual. The lungs feel much like a 


Fre. 273: 


Emphysema of the lung (from a case of chronic bronchitis). A portion of the rounded anterior 
edge of the lung. The varied size of the cavities formed by distention of the alveoli and 
atrophy of the partitionsis wellshown. X 8. 


down-pillow, they “pit” easily, and crepitate but little. On section, 
the emphysematous parts are pale, dry and bloodless, and when large 
spaces are present in the part cut, the collapse of the affected areas is 
very marked. 
Microscopic investigation shows: that the dilatation commences in 
the infundibula, and extends thence into the alveoli opening into it ; 
that the interalveolar septa atrophy and ultimately become perforated, 
their elastic fibres yielding and then disappearing ; that the stretched 
capillaries become thrombosed, and then likewise vanish, The aper- 
tures in the interalveolar septa enlarge ; and others form later between 
the infundibula : thus are developed irregular cavities, which are some- 
times as large as a filbert. The largest are situated in the pale, rounded, 
bleb-like swellings. Fatty degeneration of the alveolar epithelium is 
commonly present, and is probably secondary to vascular disturbance. 


30 
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The obliteration of capillaries in the stretched or destroyed alveolar 
walls necessarily causes some obstruction to the pulmonary circulation. 
This is followed by hypertrophy of the right ventricle of the heart. 
By this means the increased resistance in the pulmonary circulation is 
overcome (p. 432). The communications between the pulmonary and 
bronchial vessels become dilated. The connective tissue round the 
smaller bronchi may be increased as the result of bronchitis. 

Results.—The atrophy of the elastic tissue of the lung, by diminish- 
ing the expiratory movements of the chest, lessens the normal inter- 
change of gases. Asa result, the blood, which is thus inefficiently 
aérated, stimulates the respiratory centre to an unusual degree, and thus 
gives rise to deeper inspirations, which, in the absence of the normal 
elasticity of the lungs, lead to a permanent enlargement of the thorax— 
the so-called “barrel-shaped chest.” 

2. Atrophic emphysema occurs usually in thin old people who seem 
to be undergoing general atrophy. The lungs during life may leave 
the heart unduly exposed ; when the thorax is opened they collapse 
excessively, falling together “like an inflated bag of wet paper” (Jen- 
ner). They are excessively pigmented, and their apices and borders, 
even after collapse has occurred, usually show appearances like those in 
the large-lunged variety, and are due to similar naked-eye and micro- 
scopic changes. In this form, apparently, the elastic tissue is not so 
generally affected as in the hypertrophic variety. 


Etiology.—All conditions which (1) increase the pressure on the 
inside of the air-vesicles, (2) which withdraw the support normally 
furnished by the surrounding parts, or (3) which weaken the alveolar 
walls, may act as causes of emphysema. 

1. Increase of Intra-alveolar Pressure.—Increased pressure in the 
air-cells may be due to violent expiratory efforts with closed glottis, as 
in coughing ; to violent muscular efforts in which the glottis is closed 
and the thorax distended; and to the blowing of wind instruments. 
Those parts of the lungs which are least supported—the apices and 
edges—will be most distended. This is the expiratory theory of Jen- 
ner. Emphysema due to these causes may be primary, but more often 
is associated with chronic bronchitis. 

2. Withdrawal of External Support from Alveoli—By reason of col- 
lapse, compression, or consolidation, the entrance of air into, and the 
consequent expansion of, any part of a lung may be interfered with, 
Such portions will, during inspiration, afford less support to the air- 
cells in their immediate neighborhood, and these air-cells will therefore 
tend to become more distended than those in other parts. Similarly, 
when from the same cause a whole lung fails to expand, its fellow 
stretches over toward it, and even the mediastinal contents may be dis- 
placed in the same direction. This form of emphysema is termed 
vicarious, compensatory, or secondary, and this explanation of its causa- 
tion is known as the inspiratory theory. It is frequently found in the 
neighborhood of localized fibroid changes (p. 462). 
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3. Weakening of the Alveolar Walls—This weakening may be due 
to (a) the atrophy and loss of elasticity which accompany old age— 
the most important element in the causation of atrophic emphysema ; 
(6) atrophy following the stretching, narrowing, and obliteration of the 
bloodvessels, which in its turn is a result of overdistention of the air- 
cells from any of the causes before mentioned ; and (c) inherited weak- 
ness (emphysema may run in families), or weakness due to some inter- 
ference with their nutrition, from the mode of living or other causes 


(p. 42). 


Bronchiectasis. 


In many different varieties of chronic lung-disease the bronchial 
tubes are occasionally found dilated. The dilatations are most fre- 
quently found in the lower lobes, and may be cylindrical, fusiform, or 
sacculated. In some cases the most casual inspection shows the rela- 
tionship of the dilatation to the ordinary tube ; in others, it is only the 
gradual expansion of the bronchial tube on each side, and the discovery, 
microscopically, of some of the rudiments of the original bronchial 
wall in that of the resulting cavity, that prove the origin of the latter. 
This is especially the case in some instances of the sacculated form, in 
which the cavities are large and irregular, and their walls composed 
principally of fibrous tissue. 

The causation of bronchiectasis is, in great measure, analogous to 
that of emphysema. The principal forces concerned are three: (1) in- 
creased pressure within the lumen of the tube tending to dilate it at its 
weakest points—such pressure occurring during either inspiration or 
expiration ; (2) weakening of the wall of the tube through atrophy, 
inflammation, or ulceration; and (8) traction upon the walls of the 
tubes exerted by bands of cicatricial tissue in the lungs. These forces 
usually act in combination ; it will therefore be necessary to consider 
them together. 

The only good examples of bronchiectatic cavities due solely to 
changes in pressure occur in those cases of congenital atelectasis in 
which the alveoli, in the whole or part of a lung, are unable to expand. 
The act of inspiration, by causing a flow of air into all those parts in 
direct communication with the trachea, not only distends each normal 
alveolus, but also thereby affords support to those in its immediate 
neighborhood. Those alveoli immediately in contact with the imper- 
ferfectly developed portion of the lung will undergo emphysematous 
changes. The resistance, however, which the young elastic tissue offers 
to this overdistention will in the same way, by lessening the support, 
cause dilatation of the pervious bronchial tubes imbedded in the interior 
of the unexpanded portions. These bronchial tubes will accordingly 
become gradually distended, and may frequently develop club-shaped 
terminations. 

Acute or chronic inflammation of the bronchial tubes, especially in 
children, is often accompanied by a slight amount of dilatation of the 
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cylindrical or fusiform type, combined with slight emphysema. This 
depends partly on the inflammatory weakening of the muscular and 
elastic tissues in the walls of the bronchial tubes, and partly upon the 
increased expiratory pressure in coughing, combined with the traction 
exerted, especially during inspiration, by the ordinary elastic tissue of 
the lung. Should, however, septic organisms lodge in a tube so dilated, 
and, by setting up a slow suppurative inflammation, still further weaken 
a portion of its wall, the forces just mentioned will lead to the formation 
of an extensive cavity, with ragged, irregular walls. Asa rule, however, 
inflammatory changes in the bronchial tubes do not lead to much dilata- 
tion unless there is, in addition, some obstruction to the entry of air into 
the alveoli. This combination is well illustrated in the local bronchiectasis 
—not uncommon in children—which occurs as a result of bronchopneu- 
monia or persistent collapse of the lung. In such cases, the air being 
unable to enter the alveoli, tends, during inspiration, to dilate the tubes, 
the walls of which are weakened by the bronchitis, and unsupported by 
properly filled surrounding alveoli. The accompanying cough will act 
still more effectively in the same way; for during expiration the air, 
which would by this means ordinarily be driven into and overdistend 
the alveoli, would, under these conditions, tend instead to dilate the 
weakened tubes. As a result, the affected portion of lung presents, on 
section, a large number of small holes about one-eighth of an inch or 
more in diameter. Should the inflammation become chronic this dilata- 
tion will become more pronounced: partly because chronic inflamma- 
tion, when it affects the bronchial tubes, leads, as it does elsewhere, to 
replacement of the muscular and elastic elements by a connective tissue, 
which is easily stretched in its early stages ; and partly because there is 
an increase in the interstitial fibrous tissue of the lung which, later on, 
tends, as it contracts, to pull upon the walls of the tubes as explained 
below. 

The contraction of chronic inflammatory fibrous tissue throughout 
the lung is often regarded as an important factor in the production of 
chronic bronchiectasis. In the repair-stage of all chronic inflammatory 
diseases of the lungs fibrous tissue of this type is found. In the large 
majority of these diseases the pleural surfaces are adherent, so that 
the fibrous tissue is firmly attached on each side. In these cases the 
contraction of the new tissue should, theoretically, lead to a rise in the 
level of the diaphragm ; the sinking in of the wall of the chest ; the dila- 
tation of the bronchial tubes ; and, if the disease is unilateral, to dis- 
placement of the mediastinum. In some cases all these changes actually 
occur, sometimes one and sometimes another being the most prominent. 
“This contracting fibrous tissue will act at greatest advantage during 
inspiration, when the movements of the chest and diaphragm tend to 
enlarge all the diameters of the lung. 

The contents of bronchiectatic cavities are chiefly mucus, putrefactive 
organisms, and tissue-débris. ‘They have, as a rule, an extremely offen- 
sive odor. 
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Pneumoconiosis. 


Ordinary atmospheric air always contains dust. When the amount 
of dust inhaled is comparatively small, it gives rise to pigmentation of 
the lungs without apparently producing any injurious effects. This 
pigmentation, absent at birth, gradually increases with advancing age, 
especially in the case of those who dwell in towns. 

Pigmentation of the lungs is principally due to the presence of 
particles of carbon and other substances inhaled with the inspired air, 
These may be arrested in the smaller bronchial tubes or, when the 
fullest inspiration follows the most extreme expiration, be drawn into 
the alveoli. In both of these places they may be taken up by leucocytes. 
Many of these are expelled in the grayish-black sputum frequently 
expectorated in the early morning (Fig. 276), but a large number 


Pigmentation of the lung. From a woman, et. sixty-five, with slight emphysema. Showing 
the situation of the pigment in the thickened alveolar walls, and around the bloodvessel 
(v). The walls of the latter are also thickened and its lumen diminished. x 100. 


penetrate into the alveolar walls and into the interlobular tissue. Most 
of the pigment is found contained within the connective-tissue cells or 
free among the fibres. : 
The means by which the particles of carbon make their way into 
the interalveolar tissue is explained in different ways. (1) The branched 
connective-tissue cells of the alveolar walls send processes, consisting 
of a greater or less portion of their bodies, between the epithelial cells 
of the alveolus into the alveolar cavity. As these connective-tissue 
cells lie in the serous canals which constitute the commencement of the 
perivasal lymphatics and are themselves phagocytic, it is easy to under- 
stand how readily they may serve as the principal carriers by which the 
particles are withdrawn from the alveoli and conveyed to, and deposited 
in, neighboring parts of the lung. When once the carbon has made its 
way into the interlobular tissue, some of it is taken up by the fixed 
cells in this situation, whilst the remainder passes on to the lymphatics, 
and is deposited in the bronchial lymphatic glands, in which black 
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particles are also found. (2) Wandering phagocytic leucocytes (p. 171) 
are found in the small bronchi and alveoli (Fig. 275). They probably 
convey particles into the tissue and lymphatics of the lungs. 

In many occupations the respired air contains an altogether abnormal 
proportion of dust, often consisting of some special material, such as 
coal, stone, iron, or other substances. The first result of breathing air 
overcharged with such particles is the production of chronic bronchial 


Fie, 275. 


Alveoli filled with red corpuscles anda few leucocytes containing air-borne pigment. 120. 


catarrh from the mechanical irritation of the mucous membrane of the 
bronchi. This leads to frequent coughing, followed by deep inspirations, 
and, therefore, to the aspiration of similar particles into the alveoli. 
Inflammatory changes in the alveoli follow; leucocytes escape; the 
cells of the epithelial lining proliferate and many are thrown off. Cells, 
charged with the inhaled particles, are found free in the alveoli. Some 
of these cells may be expectorated, but most are absorbed as just de- 
scribed. In the tissues further changes may gradually take place, 
according to the nature and number of particles deposited. These 
changes comprise chronic inflammatory thickening of the alveolar walls 
(Fig. 275), patches of bronchopneumonia, and general increase of the 
fibrous tissue throughout the organ. Furthermore, these changes render 
the affected parts especially liable to invasion by tubercle-bacilli and 
other parasites. 

In the case of miners the particles of coal enter the lungs in such 
large quantities as to give to them an almost uniform dark-black color 
(anthracosis). The black color of the lungs in these cases is not entirely 
due to the presence of the inhaled substances, but partly to that of 
altered blood-pigment. The inflammatory changes in the bronchi and 
pulmonary tissue already referred to cause marked consolidation of the 
lungs, which thus become tough and fibrous. In the most severe forms 
ulceration, starting from the bronchi, produces cavities (colliers’ and 
knife-grinders’ phthisis). Owing to these structural changes there is 
a considerable escape of red corpuscles from rupture of capillaries or 
inflammatory exudation, and hence a large formation of pigment, to 
which much of the dark color of these lungs must undoubtedly be 
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ascribed. The lungs of stonemasons (silicosis) and grinders (siderosis) 
are, like those of miners, deeply pigmented, though to a less degree ; 
but the black color in the former cases cannot be accounted for on the 
supposition that it is due to the presence of inhaled particles, for the 
particles are pale or rust-colored, as the case may be. Carbon-particles 
are black, angular, and very variable in size and shape. They are 
unaffected by strong acids and alkalies. Pigment derived from the 
blood is generally brownish and granular: it is rarely met with in a 
erystalline form, 

Pigmentation of the lungs from the presence of heematoidin occurs 
as the result of many other morbid conditions, many diseases of these 
organs being attended by the formation of pigment. In chronic 
phthisis, pigmentation occurs, partly as the result of the inflammatory 
process, and partly from the obstruction of the vessels caused by the 
new tissue: lines of pigment are constantly seen surrounding the 
nodules of consolidation. In acute crowpous pneumonia, the blood 
which is extravasated into the air-vesicles, and which in the early 
stages gives to the expectoration a rusty or 
prune-juice color, subsequently gives rise to Fia. 276. 
pigment, and the sputum consequently be- 
comes grayish-black, the pigment-granules 
being visible in the desquamated cells. 
The cells met with in the sputum of bron- 
chitis also contain granules of pigment 
(Fig. 276); and pigmentation plays an 
important part in the condition of the , 

‘ : = ells from the sputum of bron- 
lungs known as brown tnduration (p. 195). cnitis. Showing the minute 
In all cases in which hematogenous pig- granules of pigment within the 
ment is found in any quantity in the lung, ais eee ee 
it is also found in the bronchial glands. It x oo, 
is taken up by the lymphatics, and, like the 
inhaled carbon, becomes arrested in its passage through these glands, 
where it remains permanently. 


IX. DISEASES OF THE LIVER. 


Perihepatitis. 


Inflammation of the capsule of the liver, leading to more or less 
thickening and often to adhesions with adjacent parts, is met with 
under various circumstances. Its most common causes are—the 
chronic peritonitis of Bright’s disease, chronic alcoholism and syphilis. 
The changes are usually slight and of but little pathological import. | 

In some cases, however, especially in cases of chronic peritonitis, 
the process is more extensive and leads to marked interference with 
the functions of, and circulation in, the liver. The whole capsule 
becomes considerably thickened and gradually contracts, thus causing 

. A > ha r Vv 
compression of the organ, which assumes a globular form. The portal 
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circulation is often interfered with by the squeezing process, and ascites, 
with other symptoms of portal obstruction, may result. The liver 
itself, with the exception of some atrophy and fatty degeneration of its 
cells, may show no changes ; but sometimes it is irregularly intersected, 
and even divided into lobe-like masses, by bands of fibrous tissue 
passing inward from the capsule (centripetal cirrhosis of Adami). 

These conditions have been variously attributed to syphilis, tuber- 
culosis, and alcoholism. 


Abscess of the Liver. 


1. Multiple—Small multiple: abscesses are most frequently due to 
some inflammatory lesion in connection with the portal system—such 
as dysentery, appendicitis, ulcerative colitis, typhoid fever, or some 
other form of ulceration of the gastro-intestinal tract. In these cases 
the abscesses are due to infective embolism of branches of the portal 
vein (suppurative pylephlebitis). Small abscesses also occur as a mani- 
festation of generalized pyzemia, and are then due to infective embolism 
of the small branches of the hepatic artery. 

2. Single—Single abscesses may follow injury, either external or 
internal—in the latter case being due to some foreign body which has 
perforated the walls of the stomach or duodenum. They may also 
result from the presence of gall-stones or parasites. In all these cases 
the abscess is really due to the additional presence of pyogenic organisms. 

The tropical abscess is, in three-fourths of the cases, single ; and is 
generally believed to depend upon infection through the portal vein. 
In a large proportion of the cases it is associated with dysentery. It 
is commonest in countries near the equator, generally selects the white 
races, and occurs especially in cases of chronic alcoholism. The 
Amceeba coli is found in some cases, but, as a rule, the B. coli communis 
and ordinary pyogenic organisms are alone to be found. 


Cirrhosis of the Liver. 


Cirrhosis is the term applied to all diseases of the liver mainly 
characterized by an increase in the connective tissue of the organ. 

Although the changes which occur in the diseases included in this defi- 
nition vary within wide limits, three types may, for convenience of 
description, be distinguished—(1) Portal, (2) Biliary, and (3) Pericellular. 

1. Portal Cirrhosis—In this form the inerease in the connective 
tissue occurs around the branches of the portal vein, and is, therefore, 
interlobular in its arrangement. Between many of the lobules, how- 
ever, no new tissue appears, so that the distribution is exceedingly irreg- 
ular, and the lobules become grouped into masses of varied size 
(multilobular cirrhosis) (Fig. 277); while the component cells tend to 
lose their radiating arrangement, and, at the periphery, to undergo fatty 
degeneration, atrophy, and pigmentation with bile. The new connective 
tissue is plentifully supplied with bloodvessels from the hepatic artery. 
Later on it contracts, and forms hard cicatricial tissue, obstructing the 
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portal circulation, and thus giving rise to ascites and to hemorrhage 
from any part of the gastro-intestinal tract (Fig. 277), as well as press- 


Fig. 277. 


Portal cirrhosis of the liver. a; a’, tracts of fibrous tissue enclosing masses of fatty liver-cells. 
The distinction between the different lobules and the radiating arrangements of the cells is 
entirely lost. > 25. 


ing on the cells of the liver (Fig. 278). Short columns of cubical cells, 
usually found in biliary cirrhosis (vide infra), are occasionally met with 
among the new tissue. 

Naked-eye Changes.—In the earlier stages the liver is uniformly 
enlarged, and the edge is rounded and thickened. This increase in size 
occasionally persists, without any contraction, until the disease ends 
fatally, but in the large majority of cases the atrophy of the liver-cells 
and the contraction of the new tissue are followed by some diminution 
in size. In some cases this nay be so extreme—especially in the left 
lobe—that the liver is less than half its normal weight (atrophic cir- 
rhosis), but in at least half the cases the organ at the time of death is 
larger and heavier than normal. ‘The capsule is thickened and the sur- 
face is uneyen. When the unevenness is extreme, the liver is termed 
hobnailed—the extent of this depending upon the distribution and con- 
traction of the new tissue and upon the atrophy of the cells. As a 
rule, the more fatty the liver, the less the contraction. The consistence 
of the organ is also proportionately increased, and may approximate to 
that of hard fibrous tissue. Both the irregularity of the surface and 
the induration are most marked along the anterior edge, especially of the 
left lobe. On section, the new tissue surrounding the lobes, and in many 
parts completely replacing them, is visible to the naked eye. This gives 
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to the cut surface a mottled granular appearance, the lobules contrasting 
with the new interlobular tissue, and often appearing as yellow or orange 


INE Wiley 


Cirrhosis of the liver with fatty changes. X 60. 


foci in a pink, glistening network. In the large majority of cases the 
spleen is much enlarged, being often double its normal size. 
An acute form is occasionally met with in which the new tissue is 


=) 


Cirrhosis of the liver. A section from the periphery of a lobule. Showing the new growth of 
connective tissue and the degeneration of the liver-cells. 200. 


abundantly infiltrated with leucocytes (red atrophic liver), the disease 
ending fatally in a few months. 


2. Biliary Cirrhosis——In the typical instances of this comparatively 
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rare form of cirrhosis the new fibrous tissue is evenly distributed be- 
tween all the lobules (wnilobular cirrhosis), and even invades the inter- 
cellular network. The bile-ducts outside the lobules are large and 
tortuous, and their external coat is thickened. Scattered through the 
new tissue—in the majority of cases—are short columns of cubical 
cells, often arranged in double rows. By some these are regarded as 
attempts at regeneration on the part of the liver-cells or bile-ducts ; by 
others, as degenerated liver-cells or the surviving remnants of bile-ducets. 
Adami considers the condition is due toa partial reversion to the origi- 
nal hepatic follicles found in the earliest stages of the development of 
the liver, and suggests the name “ reversionary degeneration.” 

Naked-eye Changes.—The liver is uniformly, and often enormously, 
enlarged. Its surface is smooth, its consistence firm, and its color 
almost olive. On section, the new, evenly distributed tissue can be 
readily made out. No marked contraction occurs, and, although 
jaundice is generally present, ascites is extremely rare, and the liver 
remains large and smooth to the end. Enlargement of the spleen 
occurs at an early stage. 

3. Pericellular Cirrhosis——In adults, on rare occasions, and fre- 
quently in infants dead from congenital syphilis, new connective tissue 
is found uniformly infiltrating the whole organ, and penetrating every- 
where between the degenerating liver-cells (Fig. 213, p. 377). Scat- 
tered groups of small round cells suggest the commencement of gum- 
mata. The liver is large, and, in most cases, uniform in color. 

Other rare forms of cirrhosis are occasionally met with. (1) Arterio- 
sclerosis may, in the liver, as in other organs, lead to slight fibroid 
changes (p. 448). (2) Long-continued passive congestion may also 

roduce a development of fibrous tissue around the intralobular veins 
(p. 194). (3) Cirrhosis may occur with perihepatitis (p. 471), and 
(4) in a localized form with syphilis (p. 376). 

A large number of cases also occur in which the characters ot the 
three types described are so intermingled that many writers deny the 
utility of the classification adopted, which indeed can only be regarded 
as representing a provisional arrangement of the facts known. 

Boix, under the name of “dyspeptic cirrhosis,” describes a uni- 
formly enlarged liver in which the infiltration is interlobular and 
intralobular, but which does not affect the nutrition of the cells. The 
disease may disappear under treatment, or, after about ten years, pass 
into the atrophic form. The spleen is not enlarged, and there is neither 
jaundice nor ascites. Lancereaux, and many other authorities, recog- 
nize a definite variety of cirrhosis, due to malaria; in this form an 
irregular intralobular fibrosis precedes a similar intercellular change. A 
form also occurs in which a large amount of iron-containing pigment 
is deposited in the liver-cells and in the capillary walls, and a few 
instances in which adenomatous and even carcinomatous growths may 
be intermingled with the fibrous tissue. 

The term hypertrophic cirrhosis is not infrequently used as a synonym 
of biliary cirrhosis ; it is also employed to designate the enlarged stage 
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of portal cirrhosis; and again to denote a form of portal cirrhosis not 
unlike that which Boix describes, supposed to remain stationary without 
any contraction throughout its course. 


Pathology.—The site and gradual development of portal cirrhosis 
establish a probability that the disease is due to some slowly acting 
irritant conveyed by the tributaries to the portal vein and, therefore, de- 
rived either (1) from the gastro-intestinal tract, or (2) from the spleen. 

1. In the great majority of instances the irritant seems to be ab- 
sorbed from the stomach or intestine. In most cases there is a clear 
history of chronic alcoholism. The form in which the alcohol is taken 
does not seem to be of much importance. In one country it is beer ; 
in another, wine; in a third, spirits. But how the alcohol acts, and to 
what causes are due those cases in which no such antecedents have 
occurred, are vexed questions. According to the old view, the alcohol 
itself was the irritant; according to later authorities, the products of 
fermentation to which the ingestion of alcohol would contribute, and 
in which acetic acid takes the most prominent part, are believed to be 
the chief toxic agents; and, according to a third theory, the actual 
causes of the disease are the toxins of organisms which are enabled 
to thrive among the tenacious mucus which lines the alimentary tract 
in those suffering from chronic alcoholic catarrh, or which actually 
find their way to the portal zone of the lobules of the liver (Adami). 
Most of the later views are based principally upon experimental 
evidence. To a large extent this is contradictory, and, indeed, in other 
ways unsatisfactory, for the periods over which the poisons were 
administered were much shorter than those usually required to develop 
chronic cirrhosis in man, 

2. Chautffard has suggested that substances derived from the spleen 
may act as causes of portal cirrhosis. He points out, in addition to 
various @ priori considerations, that in several diseases, of which malaria 
and typhoid fever are typical examples, the spleen acts as a storehouse 
of infective parasites, and that, in these diseases, secondary phlebitis of 
the splenic vein and subsequent hepatitis have been found According 
to Chauffard, the poison is probably derived from the spleen in those 
eases in which enlargement of this organ appears to precede the cirrhosis 
of the liver. There is more evidence in favor of a splenic origin of 
acute hepatitis and of malarial and biliary cirrhosis than of a similar 
causation of the ordinary atrophic form. 

Biliary cirrhosis is generally believed to be of infective origin, * and is 
most likely due to (1) inflammation of the bile-ducts produced by the elimi- 
nation of some poisons excreted in the bile—for certain poisons (toluylene- 
diamine) have been shown capable of causing such an inflammation ; and 
more rarely to (2) direct extension from the duodenum up the bile-passages. 

From these hypotheses it will be seen that the occurrence of the 
mixed forms of cirrhosis can be readily explained on the supposition 


* The reader is referred to a very able article on ‘Cirrhosis of the Liver,” by 
Adami, in Sajous’ Annual of Medical Sciences for 1899. 
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that the poisons capable of producing each form occur simultaneously 
in a single case. 

It may be asked how far the atrophy of the liver-cells in cirrhosis is 
due to the immediate effect of the poison and how far to the pressure 
exerted by the new tissue. Many facts seem to preclude an exclusive 
reply in either direction. On the one hand, atrophy does not always 
occur and the new tissue is coarser than, and far in excess of, that 
required to compensate for the atrophy that has occurred ; on the other, 
the atrophy may commence before any apparent pressure is exerted. 
There seems to be no good reason why the cause of the cirrhosis should 
not in many cases, if not in all, have a direct influence upon the nutri- 
tion of cells and thus tend to cause their atrophy ; and, further, when 
the new tissue has commenced to contract, it is highly probable that the 
nutrition of the cells upon which the pressure is exerted will be still 
further impaired. 


Acute Yellow Atrophy. 


This rare disease of the liver is characterized by a rapid diminution 
in the size of the organ, accompanied by the degeneration and subsequent 
destruction of the hepatic cells. Hemorrhages from any part, jaundice, 
and delirium are among the principal manifestations of the disease. The 
malady is commonest in women, and is, in this sex, generally associated 
with pregnancy. The liver may, in the course of a few days, be reduced 
to less than half its normal bulk, being especially diminished in thick- 
ness. It is soft and flabby in consistence, bloodless, and of a mottled 
yellowish-red color. A section through the organ shows numerous inter- 
mingled patches, dark red and bright orange in color ; in the lighter parts 
the lobules are generally indistinguishable. When examined micro- 
scopically, it is found that the protoplasm of the liver-cells is completely 
replaced by granular débris, fat-granules, and pigment, and that many 
of the cells have absolutely disappeared. In the earlier stages, the small 
bile-ducts are filled with débris. Tyrosin and leucin have been found 
in the disintegrated liver-tissue and in the hepatie veins. Branched 
tube-like collections of cubical cells, suggestive of bile-ducts, are fre- 
quently seen among the surviving stroma (p. 474). The kidney and 
spleen undergo very similar changes. The pathology of this disease is 
exceedingly obscure. It is generally regarded as an acute degeneration, 
depending on some unknown toxic cause derived from intestine or spleen, 
The jaundice is probably due to the blocking of the smallest ducts with 
the products of degeneration. xi 

A somewhat similar condition occurs in acute phosphorus poisoning ; 
although in this case the liver is enlarged, and the patches of yellow and 
red are never so distinct. 

Gall-stones. 


Gall-stones are concretions, generally formed during late adult life, 

either in the hepatic ducts or in the gall-bladder. In size they range 
s 1 + ; ? ; 

from mere gritty particles to masses as large as pigeons’ eggs. The 
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number found in a single gall-bladder varies from one stone to several 
thousands. In color they vary from a pearly white to a greenish black. 
Occasionally, when distinctly crystalline to the naked eye, they may be 
pale yellowish green and semi-transparent. Asa rule, they can be easily 
crushed between the fingers, and are so light that when dried they float 
on water. They are generally quadrilateral or prismatic in shape, with 
some sides flattered, owing to mutual pressure while the stones are still 
soft. These flattened surfaces are termed facets. Single stones are 
never faceted ; neither are very small ones, as they can roll easily on 
one another without exerting any marked pressure. Facets occur chiefly 
in calculi of medium size, if more than two or three be present: they 
are not due to erosion after stones are formed, as, on section, the same 
lamine can be traced all round the stone (Fig. 280). 


Fia. 280. 


Gall-stones. a, b, are gall-stones formed in each case singly ; a is composed of almost pure cho- 
lesterin ; } consists of bilirubin-calcium and cholesterin; ¢, d, e,f are examples of various 
forms occurring in different cases, and in each instance in large numbers; g, ten similar 
stones were removed from a gall-bladder, the white portions of the outer layer are composed 
of cholesterin, the dark edges of bilirubin-calcium ; h is a magnified view of one of the other 
stones from the same case, showing the origin of the central cavity with its crystallized 
contents and the various added layers. 


When carefully examined, a gall-stone is found to consist of a soft 
nucleus and a harder laminated crust. Within the nucleus there is 
often a cavity. Both nucleus and crust may be of the same compo- 
sition. Cholesterin and bilirubin-calecium are the most important con- 
stituents. Crystalline stones consist mainly of the former, and the largest 
ealculi are generally made up of pure cholesterin; but a stone consisting 
mostly of this substance is by no means always crystalline. 


Pathology.—It was formerly supposed that foreign bodies acted as 
the nuclei of gall-stones, and that cholesterin and other biliary constitu- 
ents were deposited from concentrated, or otherwise altered, bile. It 
has, however, been shown experimentally that the introduction of for- 
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eign bodies into the gall-bladders of dogs does not cause any such pre- 
cipitation, and that if gall-stones themselves are introduced into a normal 
gall-bladder they dissolve and disappear. It has also been shown that 
an important source of cholesterin is an extensive destruction of the lining 
epithelium, and that the precipitation of bilirubin-calcium is induced 
by the presence of albumin in the bile. From these and other facts it 
is believed that a mildly infective catarrh of the lining membrane of 
the ducts is the first stage in the production of calculi. Such catarrh 
can be produced experimentally by the introduction into the gall-bladder 
of attenuated cultures of the colon-bacillus, of the typhoid bacillus, and 
of the ordinary pyogenic cocci. The catarrh is accompanied by the des- 
quamation and disintegration of the epithelium, and by the exudation 
of albuminous fluid. Bilirubin-caleium next separates out, especially 
from stagnant bile, and, with the desquamated epithelium, forms a nu- 
cleus round which a shell of more bilirubin-calcium is deposited. As 
the epithelium disappears, a central cavity is left which, later on, is gen- 
erally filled up with cholesterin derived from the disintegrated epithelium. 
Further layers are subsequently deposited, but always together with albu- 
minous matter, for, if the salts be dissolved out artificially, a complete 
organic framework remains. 


Effects.—A gall-stone may block the duct in which it is formed, or 
to which it may be carried, and, in that way, give rise to obstructive 
jaundice (p. 79). By the irritation of its presence it may produce in- 
flammation and ulceration of the wall of the duct or bladder, and, if 
pyogenic organisms are present, give rise to an abscess. From the gall- 
bladder, or from the ducts, calculi may escape into the duodenum. In 
some instances a stone in the gall-bladder, or in the common duct near 
its entrance into the intestine, may produce inflammatory adhesions of 
the neighboring parts and subsequent ulceration. By this means a stone 
too large to pass through the orifice of the duct is enabled to make its 
way into the bowel, and lower down, where the lumen of the intestine 
is smallest, to give rise even to intestinal obstruction. 


X. DISEASES OF THE KIDNEY. * 


Suppurative Nephritis. 


Suppurative nephritis results from the transmission to the kidneys 
of pyogenic bacteria from some primary focus. It may occur (1) as one 
of the lesions in pyemia; or (2) may be associated w ith some pyogenic 
inflammation of the lower urinary passages. In pyemia, the infective 
organisms are transmitted by the bloodvessels. In the other cases they 
reach the kidney by direct infection from the lower urinary passages. 

As, however, regurgitation of urine from the bladder into the ureter 
does not occur, bacteria often thrive in the former organ for considerable 
periods without infecting the ureter and kidney. When infection does 
occur ii 1s sometimes due to the growth of organisms in ropy mucus, 
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lying as a cord in the opening of an inflamed ureter ; but is more fre- 
quently the result of the transmission of bacteria by the lymphatics of 
the ureters. 

1. The abscesses met with in the kidney, as the result of pyzemia, 
are confined principally to the cortex, and resemble pyzemic abscesses in 


other organs. They are usually multiple, and are often surrounded by — 


a narrow zone of red hyperemic tissue. They usually originate around 
the glomeruli, in the capillary tufts of which the organisms have been 
arrested. heir size varies from a mere point to that of a filbert. 
Their characters have been already described and illustrated (pp. 163, 
327). 

2. When the suppurative inflammation is due to infection from the 
lower urinary passages (acute surgical kidney, acute consecutive nephritis), 
the pelvis of the kidney is generally acutely inflamed, and many of the 
convoluted tubes are crammed with micrococci. These seem to ascend 
from the pelvis along the tubes, distending them, and giving rise, along 


Fie. 281. 


Suppurative nephritis. Showing crowds of micrococci along the tubules. Almost all nuclei in 

oS vicinity have disappeared. The tissues seem to have undergone coagulation-necrosis. 
their line of growth, to cloudy swelling, coagulation-necrosis, and either 
suppuration or a diffuse infiltration of the interstitial tissue with leuco- 
cytes (Fig. 281). The urine in the pelvis of such kidneys usually 
contains pyogenic organisms, 

The cortex of such a kidney is thickened, soft, and pale as compared 
with the deep-red pyramids ; its consistence, however, will vary with 
the presence or absence of chronic interstitial changes. The capsule 
strips easily, often tearing the substance a little, and exposing on the 
surface groups of yellow spots. These yellow dots are never larger 
than a split pea; each is surrounded by a red zone, and many of them 
contain a drop of pus. On section, yellow streaks are often seen 
extending from the superficial lesions into the cortex ; others exist in 
the pyramids. 


Hydronephrosis. 


Chronic changes in the kidney result from diseases causing obstruc- 
Te 1 wer 7 , Aace ra La nl © or rc . 
tion in the lower urinary passages. They occur in association with 
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renal and vesical calculi, obstructed ureter, urethral stricture, and 
enlargement of the prostate. 

When the flow of urine from the ureter into the bladder is perma- 
nently impaired by any form of obstruction, the increased pressure, due 
to the force of secretion, aided bz that of gravity, seems to expend 
itself in gradually dilating the ureter, the pelvis, and the pyramids, and, 
finally, the tubules even to their closed ends (hydronephrosis), leading 
to atrophy of the tubular epithelium and increase and induration of the 
interstitial tissue. When the obstruction to the outflow is confined to 
one kidney, that organ is alone affected. 

The overgrowth of the interstitial tissue is exceedingly irregular in 
distribution and amount. It occurs both in the pyramids and cortex 
(chronic consecutive nephritis). The tubules are in some parts found 
blocked with epithelium, whilst in others they are wasted or obliterated. 
Owing to these changes, the kidneys are somewhat enlarged, the capsule 
is slightly adherent the cut surface is paler than natural, and the con- 
sistence of the organs is abnormally tough. The walls of the small 
arteries are not thickened. As the process advances, the pyramidal 
portions gradually become absorbed, the absorption commencing at the 
papillee and extending, until ultimately not only the pyramids, but also 
the thickened cortex may disappear, and the kidney be converted into 
a large cyst divided into sacculi by fibrous septa (hydronephrosis). If, 
on the other hand, the urinary obstruction be removed, the processes of 
inflammation and absorption may cease, and the indurated -kidney will 
then become contracted. 

Bradford has shown that if hydronephrosis be artificially induced, 
atrophy of the tubules and shrinking of the remaining epithelium occur 
even when the obstruction is removed and the kidney completely 
drained. 


Parenchymatous Nephritis. 


Parenchymatous nephritis includes those forms of inflammation of 
the kidneys in which the secreting tissues are primarily affected. The 
damage is caused by substances reaching the kidneys by way of the 
blood-stream. While in ordinary metabolism the waste products escape 
by the glomeruli or are excreted by the tubular epithelium, without any 
injury to the structures concerned, the substances giving rise to paren- 
chymatous nephritis cause damage to the tissues in the process of their 
excretion, and in this way lead to changes in the glomeruli or in the 
renal tubules; or in both of these. T hese changes, supplemented by 
more or less inflammatory reaction, give rise to the morbid appearances 
characteristic of the disease. 

The actual substances producing these results are, to a limited extent, 
known. Thus (1) cantharides, turpentine, compounds of phosphorus, 
and salts of mercury and arsenic are well-ascertained causes. (2) Bacte- 
rial toxins and the products of the disordered met abolien occurring 
in diseases, the bacterial origin of which cannot yet be positively affirmed, 
form another important group; including, among others, diphtheria, 
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scarlatina, typhoid fever, acute pneumonia, and septicemia. In some 
of these the actual organisms reach the kidneys and produce local lesions 
there. (3) Other diseases, such as gout and diabetes, accompanied by 

rave disorders of metabolism, also act as causes of parenchymatous 
nephritis. (4) Many instances of the disease occur apart from the 
foregoing causes. Some cases occur in persons suffering from alcoholic 
excess, prolonged exposure to cold and wet, extreme exhaustion, or any 
combination of these. To these cases no definite causation can be 
assigned, but in most of them the existence of disordered metabolism 
is highly probable. 

- The altered composition of the urine furnishes the first evidence of 
the damage to the kidneys. The injured glomeruli permit the escape 
of serum-albumin, serum-globulin, and, in severe cases, of blood. The 
necrosed or degenerating tubular epithelium becomes entangled in the 
blood or albuminous fluid thus secreted, and forms moulds of the renal 
tubules. These block the tubules and prevent the escape of urine, 
while portions of them appear in that secretion as cylindrical casts. 
The amount of urine and of urea secreted is diminished, and cedema of 
the loose connective tissue occurs. That these results are not due solely 
to the diminished amount of renal tissue available for secretion is 
probable from the experiments of Bradford, who has shown that the 
effect of excising large portions (two-thirds of the total amount) of 
kidney-substance is to increase the quantity of urine and of excreted 
urea, although at the same time the amount of urea produced in the 
body is so great that it accumulates in the blood. This result may be 
due, as Bradford hints, to the cessation of the action of an internal 
secretion normally supplied by the kidney. 


Varieties.—Parenchymatous nephritis is generally divided into 
two varieties, glomerular nephritis and tubular nephritis. In the 
glomerular variety the glomeruli are the principal seats of the disease 
and may be the only parts affected. In the tubular variety the 
tubules are affected equally with, and sometimes even more than, 
the glomeruli. Tubular nephritis is subdivided into acute and chronic 
varieties. 


Morbid Anatomy. (1) Naked Hye—In the glomerular form the 
naked-eye appearances may be absolutely normal, though occasionally 
the glomeruli stand out as sharply defined gray points. In the tubular 
form the kidneys are always larger than normal and may be increased 
to twice their natural size. The enlargement is due partly to hyper- 
semia, partly to distention of the tubules, and partly, in some cases, to 
cedema of the intertubular tissue. The capsule separates readily, 
exposing a smooth and often hyperemic surface. The consistence is 
diminished, and the substance soft and friable. On making a longi- 
tudinal section, the increase in the size of the organ is seen to be mainly 
due to swelling of the cortical portion. This may be pale or dark, but 
is generally mottled—reddish patches being mingled with those of an 
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opaque white or buff color. The differences in color depend upon the 
proportion which the hyperemia and hemorrhage, on the one hand, 
bear to the accumulation of degenerated tubular epithelium, on the 
other. In the earliest stages of the most acute forms of the disease the 
cortex is generally redder than natural, but it soon becomes pale and 
opaque. This is owing to the progressive necrosis, degeneration, and 
accumulation of the tubular epithelium. When hemorrhage has oc- 
curred into Bowman’s capsule, the Malpighian bodies stand out as 
prominent red points. The pyramids in the medulla are of a deep-red 
color, contrasting strongly with the pale, opaque cortex. 

(2) Mieroscopic.—In the glomerular form, of which the most typical 
instances may be seen in scarlatina, the changes are often confined to 


Acute tubular nephritis. a, capillary tufts of glomerulus, containing a large number of leuco- 
cytes; b, proliferated and desquamated cells of capsule; c, extravasated red blood-corpus- 
cles; d,d/, capillary bloodvessels ; e, degenerated epithelial cells detached from wall of 
tubule; f, granular degeneration of tubular epithelium; g, thickened intertubular tissue . 
h, capsular epithelium ; 7, extravasated blood-corpuscles in tubule; /, extravasated blood in 
intertubular tissue; k, slightly degenerated epithelium ; J, one of many tubules presenting 
various degrees of degeneration or necrosis of their epithelium, X 220. 


the Malpighian bodies. The intracapsular spaces are found to contain 
a number of new and, as a rule, degenerated cells. Some of these 
are derived from the cells which once coyered the vascular tuft and 
lined the capsule, which may have thus lost all its epithelium. Mixed 
with these may be a few leucocytes and possibly a tew cells derived 
from the endothelium of the capillaries. Some of the capillary loops 
are distended and contain an unusually large proportion of leucocytes 
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which not infrequently show signs of degeneration, while the endothelial 
cells are much swollen and often proliferated. The new cells are some- 
times accompanied by so much albuminous exudation that the vascular 
tuft is compressed and the circulation through it thereby impeded. In 
some cases the intima of the minute arteries, especially of those supplying 
the glomeruli, undergoes hyaline degeneration with consequent nar- 
rowing of the lumen of the affected vessels. The muscular cells of 
the smaller arteries may also be thickened and the nuclei increased. 
Cloudy swelling of the epithelium in the convoluted tubes may be 
superadded. 

In the most acute cases acellular infiltration of the intertubular 
connective tissue may occur, with marked degeneration of the epithe- 
lium and a crowding of the tubes with leucocytes. The cellular infil- 
tration is especially prone to occur in the neighborhood of the inter- 
lobular and stellate veins; but these cases closely approximate to the 
tubular variety. 


Fig. 288. 


Tubular nephritis. The earlier stage of the process. Showing the swelling of the tubular 
epithelium, and some exudation-products in the urine-tubes. In some of the tubes the 
epithelium has fallen out during the preparation of the section. X 200: 


In tubular nephritis the glomeruli undergo much the same changes 
as in the previous variety. Tubular nephritis is, however, generally 
more intense; the hyperemia is therefore more marked, and hemor- 
rhage into Bowman’s capsule and the tubules is more frequent (Fig. 
282). In the kidneys of persons dying in an early stage of the disease 
large numbers of red corpuscles may accordingly be seen in the Mal- 
pighian bodies, pushing to one side the vascular tufts, as well as in the 
tubules, which may be distended. | 

The tubules show marked changes. These are generally most 
prominent in the convoluted tubes, although they may be almost as 
advanced in the straight tubes. In the most acute cases many of a 
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epithelial cells are necrosed and their nuclei remain unstained (Fig. 
282). More frequently, especially when the onset of the disease is 
less intense, the cells undergo cloudy swelling and fatty degeneration 
(Fig. 283). The dead and damaged epithelium becomes detached and 
collects in the tubules. 

The coagulable exudation, which now enters the tubules from the 
Malpighian bodies, forms the basis of the numer- 
ous casts which block the tubules and give rise Fre. 284, 
to a scanty deposit in the urine. The basis or oe 
matrix of these casts is transparent, and, when 
no other material is imbedded in them, they are 
known as hyaline casts. Casts containing blood, 
desquamated epithelium, leucocytes, granular 
débris, or fatty molecules, are named according 
to their respective contents (Fig. 284). 


Later Changes.—At this stage the changes ge 2 
already described may subside, and, with the Tubular nephritis—a sin- 
exception of some desquamation of damaged  @tubule. Showing the 


: : 2 accummulation within 
epithelium, no further degenerative changes the tube. In the few 


take place in the kidneys. Many of the sur- epithelial cells which 
AP ictal lis Lif at b fot ll have escaped, the granu- 
Viving epit enal ceus -proiiwerate, but m a lar condition of the pro- 


probability the repair is never absolutely com-  toplasm is seen. x 200. 
plete. Thus the organs return to about their 

normal condition, although, for some weeks longer, casts and albumin 
may be passed in the urine. 


Tubular nephritis (large white kidney). Duration of disease, six months. Kidneys, large ; 
capsules, non-adherent; surface, smooth ; tissue, soft. Showing, in addition to the intra- 
tubular change, the cellular infiltration of the intertubular connective tissue. x 200. 


In other cases the disease progresses, and, although the hyperemia 
is less marked, the degeneration of the tubular epithelium continues, 
Tn these cases, as well as in others in which the onset has been far less 
acute, the desquamated epithelial cells which come away with the 
urine, instead of presenting a swollen granular appearance, as in the 
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earlier stages, constantly contain molecules of fat. The amount of fat 
thus passed gradually increases as the degeneration proceeds, until ulti- 
mately no recognizable cells can be found, and the fat appears as free 
globules in the tube-casts. 

This prolonged fatty degeneration of the epithelium is attended by 
corresponding changes in the appearance of the kidneys. No hyperemia 


Fia. 286. 


Large white kidney. a, smooth surface with venules; 6, pale and thickened cortex; d, dark 
pyramids. Natural size. 


1s noticeable. The enlarged cortex presents a more uniformly yellow- 
ish-white tinge, studded with minute yellowish streaks owing to the 
presence of fat in the tubes. Even at this stage repair may oceur and 
ultimately recovery ensue. 

When the inflammatory process is of stil] longer duration, or when 
the kidneys are the seats of repeated attacks of subacute ifn 
tion, permanent changes occur and the intertubular connective tissue 
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becomes involved (large white kidney) (Fig. 285). The tubular 
epithelium shows little tendency to proliferate, and considerable por- 
tions of the tubules may be completely denuded. The intertubular 
tissue develops into a loose fibrous structure which, together with the 
atrophy of the damaged glomeruli and denuded tubules, leads to much 
diminution in size, especially of the cortex, and to slight irregularity 


Fic. 287. 


Granular contracted kidney. a, rough, granular surface; b, dark, narrow cortex; ¢,¢’, c2, cysts; 
d, pyramids. Natural size. 


of surface (small white kidney). The new tissue is, however, more 
uniformly distributed and the contraction less marked than in the con- 
dition known as granular kidney (p. 488). In other cases death ensues 
before any marked atrophy has taken place, while the tubules are dis- 
tended or blocked by the degenerated products, and the intertubular 
tissue is loose and cedematous (large white kidney). Attacks of sub- 
acute inflammation not infrequently occur in the course of the more 
chronic cases of parenchymatous nephritis. 


Chronic Interstitial Nephritis. 


Tt has already been shown that an increase in the interstitial tissue 
of the kidney occurs in the more advanced stages of tubular (p. 487), 
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and of chronic consecutive nephritis (p. 481). But this change is 
especially prominent in that most chronic of all varieties of disease of 
the kidneys known as contracted kidney, granular kidney, cirrhosis of the 
kidney, gouty kidney, or chronic interstitial nephritis. In this disease 
the development of fibrous tissue is associated with atrophy of the 
glomeruli and tubules, and changes in the walls of the arteries. 
Clinically, the disease is characterized by an insidious onset, increased 
arterial tension, polyuria, hypertrophy of the left ventricle of the heart, 
and degenerative changes in other tissues.. Albuminuria, if present, is 
slight, and dropsy is absent, except as a result of cardiac failure. The 
disease is most frequent in the declining period of life. It is often 
associated with gout, chronic lead-poisoning, over-indulgence in alcohol, 
and, perhaps more often than is generally believed, with syphilis. 


Morbid Anatomy.—In a well-marked case (Fig. 287) the kidney 
is much diminished in size. Its capsule is thick and very adherent ; 
it cannot be removed without tearing the substance. The surface is 
coarsely granular and of a reddish-gray tint. On section, the color of 
both pyramids and cortex is seen to resemble closely that of the surface, 
the distinction between cortex and pyramid being often by no means 
clear. The cortex is, however, more mottled, and small patches can 
sometimes be made ont corresponding to the depressions between the 
minute nodules on the surface (Fig. 288). Moreover, it is much 
narrower and tougher than normal; and small cysts are often found, 
especially on its surface. Calcareous deposits may occasionally be seen 
as white streaks among the tubes of the pyramids. In the earlier 
stages of the disease all these changes will be much less marked. 

If a section cut through one of the depressions just mentioned be 
examined microscopically, it will be found to contain a number of 
shrunken Malpighian bodies and a few atrophied or distended tubes 
imbedded in a mass of fibrous tissue (Fig. 289). Bowman’s capsule 
is, in each case, more or less thickened. . 

The rest of the cortex is by no means uniformly affected. In many 
parts the tubes are diminished in size or completely obliterated ; in 
others they are dilated and filled with degenerated epithelial products 
(Fig. 289). Their walls are often thickened. The intertubular tissue 
is increased throughout, but by no means uniformly, so that not infre- 
quently the cortex may be traversed by irregularly disposed fibrous 
bands. The new tissue may be largely cellular or densely fibroid. 
The atrophy of the Malpighian bodies and adjoining tubes may be out 
of proportion to the amount of interstitial overgrowth (Fig. 288). 

The walls of the interlobular arteries and the smaller cortical vessels 
are much thickened. Sometimes the external coat is principally in- 
volved, and appears to be continuous with the new intertubular tissue. 
Sometimes the middle coat is thickened, as in the specimen from which 
the accompanying illustration was taken (Fig. 290). Johnson attributed 
this to hypertrophy of the circular muscular fibres. Recent observers 
emphasize the frequency with which the intima is involved : the endar- 
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teritis thus produced most closely resembles that form already described 
as syphilitic (p. 375). The changes in the arteries are by no means 
limited to those of the kidneys, but are found in the arteries of almost 
any part of the body. 

In some eases there is marked thickening of the arterial walls and 
atrophy of the glomeruli and tubules, but no new fibrous tissue (arterio- 
sclerotic kidney—Ziegler). 


Fig. 288. 


Granular contracted kidney. 4, perirenal fat; 0, thickened capsule; c, wedged-shaped mass of 
fibrous tissue corresponding to depression between nodules on surface ; d, é, glomeruli in 
different stages of atrophy; /,j, renal tubules; 9, h, fibrous strands extending from thickened 
capsule into cortex ; k, glomerulus beginning to atrophy. » 30. 


Pathology.—The relationship which these changes bear to one 
another is but imperfectly known. It is by no means certain that this 
relationship is, in all cases, the same. ‘T'wo explanations have been 
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suggested. According to the first and older view, the changes are due 
to the action of some unknown irritant, conveyed by the blood to the 
kidneys, which causes proliferation of the connective tissue in the im- 
mediate neighborhood of the vessels. According to this explanation, 


Granular contracted kidney. An advanced stage of the process, showing the overgrowth of 
interstitial tissue, the thickening of Bowman’s capsule, and the atrophy of the tubules. 
<120; 


a granular kidney is analogous to a cirrhotic liver. The thickening in 
the vessels and the increase in the intertubular tissue are the earliest, 


and practically simultaneous, changes ; while the atrophy of the secreting 
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Arteries from case of advanced granular contracted kidney. a, longitudinal section, showing 
the great thickening of the circular muscular coat, also of the outer fibrous coat, and the 
internal connective-tissue layer ; b, transverse section of another vessel less diseased. Here 
is seen the thickening of the circular muscular and external fibrous coat. 200. 


tissue is due to the results of the contraction of the chronic inflamma- 
tory tissue. 

According to a more recent and more generally accepted view, this 
order of events is reversed. The secreting-tissues, from overwork and 
from the premature exhaustion of their inherited vital capacity, are 
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unable to utilize such nourishment as is supplied by the blood, which 
in most, if not all, cases is defective or even deleterious owing to 
arteriosclerosis, or anemia, or some toxic blood-state. The secreting 
tissues, constituting the most highly organized part of the kidney, will 
have the greatest difficulty in assimilating nourishment under abnormal 
conditions, and, in any general interference with nutrition will, there- 
fore, be those most likely to suffer. Thus, the shrinking of the glome- 
ruli and tubules forms the initial change (Fig. 288). The changes in 
the bloodvessels and the increase in the interstitial tissue follow. The 
latter is, in many cases, more apparent than real, being partly due to 
mere condensation of the previously existing, but more widely separated, 
tissue. To some extent it may be the result of irritation, and be due 
to the inflammatory reaction of the tissues. 

The subsequent contraction of the new tissue necessarily constricts 
many tubules. The arrest of the flow of urine, in those supplied by 
glomeruli whose vessels are still permeable will lead to the formation 
of small retention-cysts, such as have been previously described. 

Sometimes, as stated above, the arterial changes are more marked 
than the atrophy of the glomeruli and tubules. In these cases the 
endarteritis, by diminishing the lumen and hence the blood-supply, is 
possibly responsible for the production of the atrophy (arteriosclerotic 
kidney). Cohnheim held that the supply of blood to the kidneys varied 
with the amount which it contains of those substances which the 
kidneys normally eliminate (e. g., urea). Atrophy of part of the 
excretory apparatus, by throwing more work on the remainder, might 
not improbably lead to an increase in the percentage of the substances 
in the blood. Now, the only way in which the more free elimination 
of these by the kidneys can be brought about is by the increased action 
of the left ventricle and a simultaneous increase in the resistance in the 
arterioles of other parts. By this means a larger amount of blood may 
be supplied to the kidneys, and their excretory functions thereby assisted. 
It is suggested that this may result from some reflex mechanism. In 
those cases in which the thickening of the vessels appears to follow the 
atrophy of the secretory apparatus, the thickening is attributed to the 
continued action of the etiological factors (p. 448) and to the increased 
strain resulting from the hypertrophy of the heart. 

The enlargement of the left ventricle is a true hypertrophy, though 
it is often combined with a small amount of chronic myocarditis. 


Urinary Calculi. 


Any of the passages or cavities of .the urinary tract lined with epi- 
thelium may be the seat of hard concretions of mineral matter, known 
as calculi. The two principal seats of these bodies are (1) the pelvis 
and calices of the kidney and (2) the urinary bladder—positions in which 
stagnation of urine is most liable to occur. 

In size caleuli vary from mere particles of grit to masses more than 
an inch in diameter. When calculi are small, they are frequently mul- 
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tiple; when large, they are usually single. Small calculi are often 
irregular in shape, though they tend to assume gradually the special 
forms obtaining among the larger varieties. The shape of a large cal- 
culus varies with the situation in which it is formed. Thus a large stone 
in the pelvis of the kidney generally possesses irregular projections, 
corresponding to the openings of the calices (coral calculi); while a 
calculus in the bladder is generally round or oval. On section, a calculus 
is seen to be made up of a central nucleus and a crust composed of a 
large number of thin concentric lamine. The color, hardness, surface, 
and sectional appearance of a calculus depend almost entirely upon its 
composition (Fig. 291). 

The three most important groups of substances found in calculi are 
(1) uric acid and its salts, (2) calcic oxalate, and (3) calcic and ammonio- 


Fig. 291. 
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Vesical calculus. The pale external zone consists of calciec phosphate. Immediately internal 
to this is an irregular layer of calcic oxalate. Within this are a number of thin layers of 
calcie oxalate and mixed phosphates. The innermost ring consists of calcic oxalate sur- 
rounding a nucleus of urate of ammonium. Natural size. 


magnesic phosphates ; although other substances, such as calcic carbo- 
nate and cystine, are occasionally met with. 

(1) The uric acid calculus is of a dirty fawn color: its consistence 
is hard, and its surface smooth or slightly granular. (2) The caleic 
oxalate calculus is dull grayish-brown, intensely hard, and coarsely 
granular. (3) A phosphatic caleulus is white, friable, and smooth. 

The three types are not infrequently combined in the same calculus 
giving rise to laminze with corresponding differences in appearance and 
consistency. Thus, a calculus may contain uric acid in the centre and 
oxalate of lime in the crust, or may consist of a nucleus of oxalate of 
lime with lamine of calcic phosphate and of ammonic urate around it. 

In addition to the mineral constituents, a urinary calculus contains 
a complete organic framework infiltrating the whole calculus and sup- 
porting and cementing the mineral particles. 


Etiology.—Although the conditions giving rise to the formation of 
calculi are but imperfectly understood, it may be stated that they depend 
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partly upon general causes and partly upon local changes. Heredity, 
age, climate (cold), and diet (nitrogenous), have each a marked influence 
in the production of certain calculi; while such local changes as may 
lead to damage of the epithelial lining of the urinary passages, and to 
stagnation of the urine are in all probability still more important causes. 
Thus Tuffiér showed that dogs fed on oxamide developed calculi, and 
that parties of oxamide could be traced in both the desquamated and 
the still living epithelium at the sites of the calculi. It seems, there- 
fore, probable that degenerated epithelium may have an influence in 
producing calculi somewhat analogous to that possessed by the epithe- 
lium of the biliary passages in the production of gall-stones, and that 
the organic matter found in the calculi is derived from the destroyed 
epithelium. This is the more probable from the fact that while phos- 
phatic concretions may form around foreign bodies introduced into the 
bladder, this does not happen until the irritation of the foreign body 
has produced a recognizable amount of inflammation. Changes in the 
reaction of the urine may also aid in the precipitation of mineral matter. 
Thus uric acid and its salts tend to be precipitated when the acidity of 
the urine is abnormally increased, while calcic and ammoniomagnesic 
phosphates are deposited in precisely the opposite circumstances. When 
excess of carbonate of lime exists with oxalic acid in acid urine, oxalate 
of lime calculi are most likely to be formed. It is also probable, in 
view of Tuffier’s results, that the general causes may lead to definite 
local changes in the renal tissue, dependent on the nature and concen- 
tration of the substances conveyed to the kidneys, and that the precise 
result may be modified by the antecedent and subsequent local changes. 
Thus, in one kidney was found a calculus with a uric acid nucleus and 
a crust of calcic phosphate, while in the opposite kidney was a stone 
with a similar nucleus but with a calcic oxalate crust. 

Some observers have attached considerable importance to the réle 
of parasites in producing calculi, but the action of these is certainly not 
essential and at best doubtful. 


Effects.— Urinary calculi give rise to irritation of the lining wall 
of the cavity in which they lie, and not infrequently obstruct the out- 
flow of urine. 

Renal calculi lead to atrophy of the glandular substance, hydro- 
nephrosis, and concomitant fibrosis of the kidney. If infection with pyo- 
genic organisms occur, a purulent inflammation of the pelvis (suppura- 
tive pyelitis) sometimes involving the kidney-substance ( pyelonephritis) 
or producing a purulent hydronephrosis (pyonephrosis). Inflammation 
of the tissue around the kidney (perinephritis) is a still less usual result. 
The frequent occurrence of caleuli with malignant disease must not be 
forgotten, although the nature of the association is not understood. 

Vesical calculi lead to changes in the bladder of a similar nature as 
well as, in some cases, to hypertrophy of the muscular coat. 


CHAPTER XII. 


PATHOLOGY OF THE NERVOUS SYSTEM. 


By Frepx. W. Mort, M. D., F. B.S. 


INTRODUCTION. 


THE morbid processes affecting the nervous system are numerous 
and varied, but they are usually divided into two groups: (1) Organic 
disease, (2) Functional disturbance. Such a classification depends upon 
whether or not symptoms observed during life can be associated with 
changes of the nervous system, gross or microscopical, recognizable 
after death. It must be remarked, however, that many diseases which 
are now looked upon as functional may be found due to recognizable 
changes when suitable methods of investigation shall have been dis- 
covered. Thé paroxysmal neuroses and psychoses, e. g., epilepsy, 
migraine, certain forms of mania and melancholia, may be considered 
a priori to be due to temporary morbid functional conditions. 


Morphology.—The histological elements which make up _ the 
nervous system are derived from the outer and middle layers of the 
blastoderm. The epiblast furnishes the nerve-cells and their processes, 
the neuroglia, and the epithelium lining the ventricles and the central 
canal of the spinal cord. The mesoblast furnishes the bloodvessels, 
lymphatics, and membranes of the brain, and the neurilemma or nu- 
cleated sheath of Schwann. The origin of the myelin-sheath is not 
known. The study of the development of the nervous system, and 
observations made by the methods of Golgi or by modifications of 
them, have demonstrated that in all vertebrates the true nervous ele- 
ments consist of independent complex cells which are generally spoken 
of as “neurons.” The morphological characters of all newrons at one 
period of development are fundamentally similar—viz., a cell consisting 
of spongioplasm and hyaloplasm containing a nucleus and nucleolus. 
From this cell processes grow out, and these processes, which are probably 
made up of delicate fibrillz, are continuous with, and of the same bio- 
chemical nature as, the framework of the cell-substance. One process of 
the cell gives off collaterals and becomes the axon of a nerve-fibre ; the 
others, termed dendrons, branch many times like a tree, and terminate 
in an apparently inextricable network (Fig. 292). Within the cell- 
body, lying in the spaces of the spongy network (spongioplasm) is the 
so-called hyaloplasm., The staining-method of Nissl shows that the 
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spongioplasm and hyaloplasm differ in chemical constitution, for the 
former is unstained by basic aniline dyes, and is therefore termed 
“achromatic,” whereas the latter is “chromatic” and readily takes the 
stain. The blocks of colorable substance, seen in the large motor cells 
of the brain and spinal cord, are termed Nissl-bodies. They consist of 
extremely fine particles suspended in a fluid, and are said to represent 
a store of energy or food. It will be observed that Nissl-bodies in the 


Fig. 292. 


A B 


A. Diagrammatic representation of the dendron and dendrites of a cortical pyramidal cell, with 
the tangential fibres running at right angles. 

B. Exact copy of amicrophotograph of the dendron and dendrites with tangential fibres. From 
a section of the brain of a dog kept four hours under chloroform. Stained by Cox’s method. 
All the processes are seen studded with little buds or gemmnles. Contrast this with A. 


form of spindles exist also on the dendrons ; in fact, the axon can always 
be recognized by the absence of these chromatic bodies. In all proba- 
bility these Nissl-bodies do not exist in the living cell, but precipita- 
tion occurs on the death of the nerve-cell, as in the case of myosin 
from dead muscle-plasma, since the Erhlich intra vitam methylene- 
blue method does not exhibit Nissl-bodies. The value of the results 
obtained by the Nissl method is, however, undoubted. For the study 
of pathological alterations it matters little whether the Nissl-bodies 
are preformed bodies existing intra vitam or are the result of precip- 
itation, as long as it is known that a healthy nerve-cell differs from 


496 PATHOLOGY OF THE NERVOUS SYSTEM. 


a diseased nerve-cell by the appearances of the stained substance (vide 
Plate IV.). 

The method of Golgi, or modifications of it, teaches us nothing of 
the internal constitution of the neuron, and is not likely to yield such 
valuable results from a pathological as it has from an anatomical point 
of view. The fundamental conception of the neurons as independent 
morphological units, in contiguity but not in continuity one with another, 
yet withal possessing physiological association and mutual interdepen- 
dence, is of the greatest importance in the study of nervous diseases, and 
especially as affording an explanation of those morbid conditions which 
are termed functional, as well as of the paroxysmal neuroses and psy- 
choses. he chrome-silver and mercury methods have shown that 
studded all over the branches of the dendrons (dendrites) are little buds 
or gemmules (Figs. 290 and 291); and that fine branches (collaterals) 
are given off from the axon. These facts have also been demonstrated 
in vertebrates by the intra vitam methylene-blue method. A neuron 
in a series or system, although in intimate physiological relation with 
the dendrites of the next in the series (e.g., the motor efferent system, 
Fig. 321) is not in anatomical connection with them. 

The cerebrospinal neurons may be divided into afferent, efferent, 
and association systems, but the last are by far the most numerous, and 
constitute the great bulk of the brain. 


Theories of Interneuronic Relationship.—All the above systems 
are in physiological relationship. The nervous impulses or molecular 
vibrations are transmitted toward the nerve-cell by the dendrons and 
away from it by the axon. In a system or series of nervous units with 
multitudinous points of contact, it is conceivable that physiological 
interneuronic relations may vary owing to retraction of the dendritic 
processes of one from contact with the terminal arborizations of the 
axons of another, so that the molecular vibrations may pass through 
systems, or communities, of neurons with a variable degree of intensity 
or rapidity. 

Many apparently inexplicable problems relating to normal and path- 
ological functional conditions of repose and activity could be explained 
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Puate IV.—1. Large Betts cell, fairly normal, showing the Nissl-granules in 
the body of the cell and on the processes. 2 Degenerated cell from anterior horn ina 
case of general paralysis. 3. Ditto, more advanced degeneration, with vacuolation. 
4, Posterior spinal ganglion-cell, showing the different distribution of the chromophile 
substance. 5. Degenerated cell from experimental cerebral softening. Compare this 
with 1 and 9. The cell is swollen, the Nissl-granules are absent and réplaced by a 
fine dust of colorable substance staining the cell uniformly. 6. Posterior spinal ganglion- 
cell, showing pigmentation at one pole. 7. A pyramidal cell from the cortex, acute 
softening from ligature of cerebral arteries, showing phagocytes sticking to the dead cell 
and devouring it. 8. Large pyramidal cell of the cortex cerebri, showing absence of 
the Nissl-granules in the body and the processes; uniform staining. From a case of 
hyperpyrexia. 9. Large pyramidal cell of the cortex cerebri, showing little, if any, 
change. From a case of septicemia of considerable duration, but without high fever. 
All the figures are exact representations of microphotographs. Magnification of 1, 2 
5,8, 9 is 700 diameters; of 3, 4, 7, 350 diameters; of 6, 200 diameters. f 
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by such a theory of association and dissociation of the interneuronic 
connections. The theory, however, as yet rests upon a very slender 
foundation of facts. Movements in the nerve-cells of a minute aquatic 
animal having been observed under the microscope, it was conceived 
that the terminal twigs of the nerve-fibre processes might elongate and 
so come into better contact with the dendritic processes of the next 
neuron of the series. This led to the idea that sleep and unconscious- 
ness from anesthetics, and narcotics, also trance and hypnotic state, 
hysterical paralyses and anzesthesiz and other conditions such as cata- 


Fra. 293. 


A. Pyramidal cell of cortex. From case of acute softening, due to experimental ligature of 
vessels. Stained by chrome-silver method. Shows practically normal appearances of the 
cell and its processes, but by Nissl method profound changes were evident. It is, therefore, 
probable that this method is not suitable for studying acute changes in the neurons. 

B. Normal neuroglia-cell. Stained by chrome-silver method. 


tonia, catalepsy, ete., might be due to retraction of the terminal twigs 
of the sensory neurons on the surface of the brain, so that contact is 
broken and the transmission of nervous currents is thereby interrupted. 
The attempt has been made to find a basis for this theory of retraction 
of the terminal buds or points of contact of the branching processes of 
the dendrons by fixing in various fluids small pieces of the brain of 
animals which had been aneesthetized with chloroform, morphine, or 
other narcotics, and comparing the appearances presented by the den- 
drons with those seen in the brain of an animal killed suddenly. The 
results obtained have been divergent. A priori, it would seem more 
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probable that cerebral activity is associated with a cutting off of the 
great majority of interneuronic connections and the strengthening of the 
current traversing a few; that during repose or under narcotics there 
is a general expansion of the gemmules, due to exhaustion of their 
contractility ; and that thus, all the neurons being in contact, nervous 
currents are so diffused that they are not of sufficient intensity to rise 
into consciousness. 

The other histological elements derived from the epiblast are the 
neuroglia-cells and fibres. Their function is to support the neurons. 
According to Weigert, the cells are independent of the fibres, but it is 
generally believed that the neuroglia-cells have numbers of branching 
processes (Fig. 293) which pass in all directions between the processes 
of the neurons, and various theories have been elaborated giving to 
the neuroglia-cells important functions apart from mere supporting 
properties. Some neuroglia-cells have an expansion on the minute 
bloodvessels, and the opinion has been expressed that they are capable 
of contracting, and thereby causing expansion of the vessel, thus 
determining more blood to nervous structures which are in functional 
activity. They have also been thought to have the function of con- 
tracting and drawing together thereby the terminal processes of the 
neurons. 


Causes of Disease.—A correct understanding of neuropathology 
involves the study of: (1) The causes which give rise to nervous 
diseases ; these are often complex. (2) The changes in the structure 
and functions of the nervous system brought about by these causes. 

The causes of pathological processes occurring in the nervous system 
may be divided into internal and external, but it may be remarked that 
in nearly all cases except those due to direct injury the two are more or 
less combined. 

INTERNAL Causes.—Of all the causes of nervous disease, hereditary 
predisposition stands pre eminently first. It may come directly from one 
or both of the parents, or from more distant ancestors. Strictly speaking, 
it is the tendency to nervous disease and insanity rather than ‘the disease 
itself that is inherited, and this is frequently spoken of as ‘ neuropathic 
tendency.” There are, besides, a number of inherited diseases which 
affect members of a family ; the disease frequently commencing in each 
individual at about the same age. These are termed “ family diseases” 
—e.g., hereditary ataxia (Friedreich’s disease), hereditary chorea, and 
various forms of idiopathic muscular atrophy. Alcoholism and syphilis 
in the parents, especially if one or both come from a neuropathic stock, 
frequently engender, by the production of defects in the germinal plasm, 
arrest, imperfect development, or premature decay of the neurons, 
causing idiocy, imbecility, and dementia. Like all cells, the neuron 
nourishes itself, and is not nourished, and it depends for its develop- 
ment, life, and functional activity upon a suitable environment. It 
must also possess an inherent vital energy, by which it can assimilate 
and store up nutrient material, which may be regarded as potential 
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energy, to be converted into nerve-force as required. A constant con- 
structive and destructive bio-chemical process occurs in the nervous 
elements, and in a healthy nervous system the balance of potential is 
high, and the sense of fatigue is the natural indication for sleep and 
repose by which nervous energy may be recuperated. In the newro- 
path it may be conceived that in some portions of the nervous system, 
especially the brain, there may exist communities, systems, or groups 
of neurons, with inherited low potential, rapidly becoming exhausted, 
and especially liable, therefore, to depression of function—e. g., hysterical 
paralyses, anzesthesize, and melancholia ; or the bio-chemical substance, 
which represents potential, may possess an inherent chemical instability, 
and readily fulminate when an appropriate stimulus occurs, thus acting 
as a centre of discharge of nervous energy and causing excessive func- 
tional activity, which may be manifested by mental or bodily symptoms, 
é. g., mania and epilepsy. Lastly, there may be functional disturbance 
of the harmonious interrelations of the nervous elements, with failure 
of co-ordination—e. g., chorea. 

EXTERNAL CAUSES, producing morbid changes in the nervous ele- 
ments, are dependent upon (A) abnormal conditions of the blood and 
lymph, by which the neurons are poisoned, and their metabolism 
affected ; (B) excess or deficiency of normal excitation, or the exist- 
ence of abnormal excitation. 

A. Abnormal Conditions of Blood and Lymph.—The immediate envi- 
ronment of all the cellular elements of the body is lymph. In the 
central nervous system a special form of lymph, the cerebrospinal fluid 
is secreted by the choroid plexuses. The lymph serves as the medium 
of exchange between the blood and the tissues, and the essential causes 
_of change in the enyironment.of a nerye-cell are alterations in the quan- 

_tity and quality of the blood-supply. 

1. The Quantity of Blood-supply.—A frequent cause of disease of 
the nervous system is a failure of the blood-supply to some portion of 
the brain (see Embolism and Thrombosis, p. 195). 

2. Quality of Blood-supply.—Insufficiency of oxygen due to anzemia 
leads to functional depression, lassitude, and mental fatigue. _Impover- 
ishment of the blood in women, by frequent pregnancies and excessive 
lactation, causes neuralgia, nervous exhaustion, and, in the newropath, 
hysteria, neurasthenia, melancholia, and mania. Probably there is an 
alteration in the composition of the blood, in the nature of an auto- 
intoxication or a “sub-minimal” deficiency. The most striking ex- 
amples we have, however, of the effect of absence or “sub-minimal ” 
deficiency of a normal constituent of the blood, upon the development 
and functions of the nervous system, are afforded by cretinous idiots, 
whose brains are arrested in development in consequence of the absence 
of the thyroid gland, and by the subjects of myxedema. The proof 
of this is shown by the disappearance of the nervous phenomena of 
myxcedema on making up the deficiency by administration of the gland 


by the mouth. an 
(a) Excess of Normal Constituents in the Blood.—Carbonie acid, and 
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nitrogenous waste-products, may be given as examples of normal con- 
stituents which, if in excess, give rise to symptoms of disease. Again, in 
Graves’s disease, nervous phenomena in the form of exophthalmos, palpi- 
tation, fine tremors, and mental excitement may be ascribed to excess 
of thyroid secretion escaping into the blood. 

(b) The presence in the blood of abnormal constituents is the most 
important extrinsic cause of nervous disease, and we may consider the 
subject under the following headings: (1) poisons produced within the 
body, by perverted function of the organs ov tissues (auto-intoxication), or 
by the action of micro-organisms upon the living fluids and tissues of the 
body ; (2) poisons introduced into the body from without. 

(1) Poisons Produced within the Body.—The best examples of auto- 
intoxication are afforded by uremia, the nervous manifestations of which 
are headache, drowsiness or coma, and epileptiform convulsions ; some- 
times symptoms of polyneuritis ; excess of uric acid in the blood which 
is associated with high arterial pressure, headache, and nervous irrita- 
bility ; diabetes (a result of imperfect metabolism) may cause multiple 
neuritis and coma, the latter being often heralded by acetoncemia, which 
may be regarded as a form of auto-intoxication ; cholemia, resulting 
from obstructive jaundice, may be attended by stupor and psychical de- 
pression. Again, the rapidly fatal results attending acute yellow atrophy 
of the liver, the profound changes in the urine and blood, the jaundice 
accompanied by the nervous phenomena of delirium, motor irritation, 
delusions, stupor and coma, demonstrate the important part the liver 
plays in maintaining the normal quality of the blood. In pernicious 
ancemia, and in other grave anzemias, degenerative changes in the spinal 
cord, of the nature of a compound sclerosis, are frequently found, and 
are probably not so much due to the deficiency of red corpuscles as to 
some toxic substance arising from imperfect metabolism. 

We do not know the nature of the rhewmatic poison, but we know 
that it is especially lable to be followed by, or associated with, chorea 
and hyperpyrexia, indicating a selective action of the poison upon the 
cells of the cortex cerebri. 

Examples of poisons due to micro-organisms occur in many infee- 
tive diseases—e.g., typhoid fever, typhus, smallpox, scarlet fever, 
measles, influenza, pneumonia, septicemia, tuberculosis. Delirium is 
a frequent complication in these ‘diseases ; it may be the result of the 
high fever, or of the poison, or of the fever and the poison combined. 
In severe cases stupor and coma may occur, and it has been shown 
that in this extreme stage the nerve-cells of the cerebral cortex, and 
also of the spinal cord, undergo an acute morbid bio-chemical change 
(vide Plate). These particular poisons have not a selective action 
upon any special part of the nervous system, but many cases of 
neurasthenia, insanity, neurosis, and neuritis date their onset from an 
acute specific fever. 

In cerebrospinal meningitis, posterior basic meningitis, tubercular 
meningitis, acute delirious mania, and leprous neuritis the inflamma- 
tion of the enclosing and supporting tissues is due to the growth therein 
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of the specific organism, and, by analogy, we might suppose that 
syphilitic affections of the nervous system are due to some specific 
micro-organism attacking its enclosing, supporting, and vascular tissues. 

Some poisons have a selective influence wpon some part of the nervous 
system. The syphilitic poison is the most important factor in the pro- 
duction of two progressive degenerations of the nervous system, one 
affecting especially the afferent conducting tracts of the spinal cord, 
viz., locomotor ataxy ; the other affecting especially the frontal and 
central conyolutions of the cerebral hemispheres, viz., general paralysis 
of the insane. <A_ striking instance of the selective action of the 
syphilitic poison is shown in the fact that only in persons affected with 
acquired or inherited syphilis is the symptom known as the Argyll- 
Robertson pupil found (this is the absence of reflex contraction of the 
pupil to light, while that to accommodation persists) ; seeing that this 
is the most common objective phenomenon in the two diseases men- 
tioned, it strengthens the presumption, based on experience, that the 
syphilitic poison is the cause of these diseases in the majority of 
instances. These diseases are often termed “ parasyphilitic ” (Fournier) 
and are degenerative processes, the result of an impaired vitality of the 
neurons, causing premature decay and atrophy. Again, syphilis when 
it attacks the supporting, enclosing, and nutrient vascular mesoblastic 
tissues shows a predilection to affect structures about the base of the 
brain ; thus paralysis of the third nerve is almost pathognomonic of 
this disease. In rabies, although the whole nervous system is charged 
with the poison, the medulla oblongata (as shown by the symptoms) is 
especially affected. Again in tetanus the bacilli elaborate a virulent 
poison which affects particular groups of neurons. The fact that 
“lockjaw ” nearly always occurs first shows that the poison selects the 
motor nucleus of the fifth nerve. It is remarkable that experiment has 
proved that the tetanus-toxin, if mixed with an emulsion of nervous 
matter before injection into an animal, loses its toxicity, thus showing 
its affinity for nervous matter, as well as a power of absorption of the 
poison possessed by some chemical substance in the nervous matter. 
Another example is offered by diphtheria ; a neurotoxin is produced by 
the local action of the bacilli, the effects of which are shown by 
paralysis of the soft palate, paralysis of the muscles of accommodation, 
weakness and inco-ordination of the limbs, which may amount to 
paralysis, absence of knee-jerks, and often skin-aneesthesia, and the dis- 
ease occasionally terminates fatally from cardiac or respiratory paralysis. 

(2) Poisons Introduced into the Body—The most widespread and 
potent cause of vervous and mental disease is the abuse of alcoholic 
stimulants. To people with unstable nervous systems a small quantity 
of alcohol acts as a poison. It may produce acute delirium with fine 
tremor, and generally visual hallucinations of a horrible nature, indi- 
cating acute toxic influence on the brain. This acute form of alcoholic 
poisoning is much commoner in men than in women, and it is remark- 
able how a severe illness, such as pneumonia, will bring out delirium 
tremens ina drunkard. Alcohol acts especially upon the higher centres 
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of the brain, and a drunken man may exhibit “the abstract and brief 
chronicle of insanity, going through its successive phases in a short 
period of time” (Maudsley). The functions of the brain are stripped 
off successively in an inverse order to their development, viz., moral 
control and responsibility, judgment and deliberation, attention and con- 
centration, memory and receptivity. The effect on the nervous system 
of chronic tippling is dementia, a very characteristic manifestation of 
the mental degradation being absence of knowledge of time and place, 
personal illusions, and loss of memory of recent events, indicating a fail- 
ure of receptivity and of the formation of memory-pictures in the higher 
centres. The improvement which generally occurs when total abstinence 
is enforced shows that the poison has damaged, but not destroyed, the 
nervous elements. Besides mental symptoms of alcohol-poisoning there 
are frequently sensory disturbances and motor paralysis due to poly- 
neuritis affecting especially the lower limbs, although the upper limbs 
and even the respiratory muscles may be affected in severe cases. 

Lead is peculiar in selecting the nerve which supplies the extensor 
muscles of the wrist and fingers, so that dropped wrist is almost 
characteristic of this form of toxic neuritis. Lead also produces a 
chronic inflammation of the cerebral cortex (encephalitis saturnina), 
which gives rise to a complex of symptoms, viz., dementia, loss of 
memory, weakened intellect, paresis and epileptiform seizures, hallu- 
cinations of sight and hearing, and mental exaltation or depression. 
Arsenic has a special selective influence upon the peripheral nerves, 
causing polyneuritis. Generally all four limbs are affected. Sometimes 
psychical troubles and in rare cases epilepsy occur. Workmen at India- 
rubber factories, owing to the inhalation of the fumes of bisulphide 
of carbon, may suffer with severe mental symptoms and _polyneuritis. 
There are a certain number of poisons besides alcohol which act on 
the nervous system when continually entering the body as the result 
of a habit, viz., absinthe, ether, cocaine, opium, morphine, haschish, 
and tobacco. 

It is of interest to note that absinthe produces epileptic fits when 
taken for some time, and if intravenously injectéd into an animal pro- 
duces epilepsy. 

Beri-beri, or kakke, a polyneuritis endemic in the East, is by some 
authorities believed to be due to a micro-organism, and African lethargy, 
or sleeping sickness, a chronic meningo-encephalo-myelitis, is probably 
due to some toxin in the blood or lymph (p. 247). 

Pellagra is an affection of the skin associated with degenerative 
changes in the brain and spinal cord. The people so affected exhibit a 
fatuous melancholy and suicidal impulses, sometimes mania. It is sup- 
posed that this disease is due to bad maize, upon which the people at 
times have to subsist. 

Ergotism is a disease due to consumption of bread made of rye 
which has been attacked by the ergot fungus. The poison thus intro- 
ae produces progressive degenerative changes in the brain and spinal 
cord, 
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Botulism, due to eating decayed meat and fish infected with Bacillus 
botulinus, is a complex of symptoms, in which paralysis of the ocular 
muscles is an important feature. 

B. Deficiency or Excess of Normal Stimulation or Existence of Abnor- 
mal Stimulation—Structure and function are mutually reciprocal and 
interdependent. A structure which-is not used will gradually lose its 
function, while its nutrition will also suffer, and in time atrophy may 
occur. Amputation of a limb in early life causes atrophy of the nerv- 
ous structures which presided over the sensation and movement of the 
part. This is seen in both the gray and the white matter of the spinal 
cord of the same side. A function not used will gradually disappear, 
and become more and more difficult to evoke. This fact is of impor- 
tance in functional neuroses and psychoses—e. g., hysterical paralysis 
and melancholia—because the longer mental or bodily function is left in 
abeyance the more likely is the defect to become permanent. The con- 
verse is also true—the longer a perverted function exists, the more un- 
likely is it to disappear. Thus auditory hallucinations, a very important 
and frequent symptom in the insane, commence with indistinct noises ; 
these are followed by voices ; and eventually the voices are so distinct 
and real that the greater part of the patient’s psychical existence is con- 
centrated upon, and determined by, this abnormal stimulus from within. 
Thus are shown the progressive strengthening and fixation of the perverted 
functions of the mind, and progressive weakening and dissolution of the 
normal functions. 

Abnormal stimulation from without. (1) Psychical Stimuli—Mental 
pain in the form of grief, worry, anxiety, fright, and shock, violent 
emotions (pleasurable or painful), disappointed love, sexual excesses or 
perversions, and excessive brain-work frequently precede and determine, 
in persons with the insane or neuropathic taint, various forms (a) of 
psychoses, e. g., mania, melancholia, delusional insanity, (>) of neuroses, 
e. g., chorea, hysteria, epilepsy, hystero-epilepsy, (¢) of organic brain 
disease, e. g., apoplexy, thrombosis, and general paralysis. The effect of 
stress in determining neuritis and degenerative processes in the central 
nervous system can often be observed in practice. The most striking 
examples ‘of psychomotor functional paralyses from stress are afforded 
by writers’, piano players’, violinists’, and typewriters’ cramp, and ham- 
merman’s palsy. 

(2) Physical Stimuli. Visceral reflex irritation may act as an excit- 
ing cause of neuroses and psychoses: thus, intestinal worms, teething, 
and indigestible food, severally or combined, often produce in infants 
and rickety children convulsions, spasm of the glottis, and tetany. 
Various functional and organic diseases of the female reproductive organs 
act as exciting causes in the production of hysteria, hystero-epilepsy, 
melancholia, and mania ; moreover, paroxysmal attacks in these diseases 
are more liable to occur at the menstrual period or the menopause. 
The irritation of a carious tooth may produce trigeminal neuralgia. 
Wax in the ear may occasion vertigo and tinnitus aurium, and errors of 
refraction may be the cause of attacks of migraine, and even tend to excite 
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epileptic fits in a person suffering from epilepsy. Numerous other 
examples of peripheral disturbance could be mentioned as exciting 
causes of nervous affections, ¢. g., irritation of the terminals of the vagus 
in almost any part of its widespread visceral distribution may lead to 
reflex vomiting. The characteristic pain of angina pectoris which radi- 
ates down the inner side of the left arm, is explained by the fact that 
the cardiac branches of the sympathetic arise from the same segments 
of the spinal cord as the sensory branches of the ulnar nerve ; con- 
sequently the pain is referred to the corresponding skin-area supplied by 
this nerve. This is one example of a great number of referred pais. 


DEGENERATION AND REGENERATION. 


There is no evidence to show that neurons once destroyed in an 
adult animal can ever be replaced; whatever return of function may: 
occur is due to the fact that other associated neurons carry on the 
function. Waller showed that when a nerve is cut off from its trophic 
and genetic centre (cell of origin) degeneration of the whole of the 
portion so separated takes place. This process of degeneration neither 
creeps up nor down, but the morphological changes are simultaneous 
throughout the whole peripheral portion of the cut nerve. Whereas 
there is conclusive proof that regeneration of peripheral nerves takes 
place, there is no evidence to show that fibres in the central nervous 
system, when they are separated from their trophic and genetic centres, 
undergo regeneration. When a peripheral nerve is cut across, or even 
an inch or two is cut out, regeneration will in time take place. The 
process of regeneration will be greatly hastened if the divided ends of 
the nerve are sutured ; or if a piece has been excised regeneration can 
be hastened by introducing a piece of nerve, or a piece of catgut or a 
decalcified chicken bone between the cut ends to conduct the outgrowing 
axons from the proximal portion of the nerve. The rapid return of 
sensibility which sometimes takes place after a nerve has been cut and 
sutured has led some authorities to believe in union by first intention. 
This, however, is not so. It is due to the overlapping of sensory 
nerves in the skin and the opening up of new and previously unused 
paths when the main road is blocked. 

Histology of Degeneration—When a nerve is cut across Wallerian 
degeneration occurs. This process affects the peripheral portion of the 
cut nerve. It was previously taught that no changes occurred in the 
central portion of the neuron, but the researches of Nissl, Marinesco, 
and others prove that bio-chemical changes occur in the trophic and 
genetic cells of origin. We have, therefore, to consider the changes in 
the peripheral portion of the cut nerve, the changes in the nerve-cell, 
and the process of regeneration. 

After cutting a nerve the following changes can be observed in 
preparations of the peripheral portion stained with osmie acid. Within 
twenty-four hours the myelin commences to lose its straight, regular 
outline and to exhibit an irregular appearance. The next day changes 
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ean be recognized in the axis-cylinder process; it is swollen in some 
places, thin in others, while the myelin commences to fragment, and a 
little later the axis-cylinder ruptures. On the third day the nuclei of 
the primitive sheath show signs of mitosis, the prelude to nuclear and 
cellular proliferation. On the fourth or fifth day there are evidences 
of proliferation of the nuclei and surrounding protoplasm, and these 
nuclei with surrounding protoplasm breaking through the sheath of 
Schwann cause a further fragmentation of the myelin, which continues 
until the tenth day (Fig. 294). The appearance of the degenerated 
fibres on the eighth to the tenth day is 
characterized by swellings alternating with 
constrictions. The swellings are due to 
accumulations in corresponding parts of 
the nerve-tubules of degenerated myelin- 
globules, proliferated nuclei and proto- 
plasm. On the fifteenth day the fibres 
in the greater part of their course consist 
merely of tubes containing protoplasm 
and proliferated nuclei, and little or no 
myelin; but here and there alternating 
with the constricted portions are fusiform 
swellings caused by distention of the 
sheath of Schwann with drops of lique- 
fied myelin, nuclei, and often curled-up 
portions of the axis-cylinder. The de- 
generated myelin is absorbed by leuco- 
eytes and fatty granule-cells are thus 
formed. The nerve consists eventually 
of fibrous connective tissue and shrunken 
tubes containing proliferated nuclei and 
rotoplasm. The latter becomes fibril- 
lated and thus prepares the way for the 
new axis-cylinder processes which will 
grow down from the central stump. This 
process commences about the fourth or 
fifth week by a sprouting of the axis- 
cylinder process ; this divides into several 
separate fibres, which insert themselves 
into and between the old _ primitive 
sheaths. Growth of the axis-cylinder Fibres from the peripheral end of a 
always begins from a node next above pete ee are 
or close to the section. The number of fig masses of dogeneratediigataam 
new axis-cylinder processes is In excess the other is healthy. x 200 
of the nerve-fibres destroyed, consequently <e : 
it may be presumed that many atrophy and disappear (I ig. 295). At 
first the new fibres are non-medullated, but later they acquire a medul- 
lated. sheath and nodes of Ranvier, which are at first placed at short 
intervals, as in young nerves. In the scar, primitive sheaths are at 
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first wanting, but they ultimately form from the surrounding connective 
tissue. It may take months or a year or more before function is 
restored. The time varies with the length of nerve beyond division, 
and with the distance between the cut ends. Sensation returns before 
movement. It is not generally admitted that regeneration can occur 
from the periphery, although there is some evidence forthcoming to that 
effect. It has long been known that the myelin and axis-cylinder 


Fig. 296. 
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Diagram modified from Howelland Huber, showing stages in regeneration of a peripheral nerve. 
1, central end of nerve 21 days after section; 2, peripheral end of nerye 21 days after section; 
3, central end ot nerve 100 days after section, showing sprouting axis-cylinder with three 
branches ; 4 and 5, peripheral end of nerve 100 days after section. a, axis-cylinder; b, myelin; 
ce, nuclei. : ; ; 


undergo degenerative changes in the central portion of the cut nerve, 
as far as the node of Ranvier above. It has now, however, further 
been shown, that if a nerve, e. g-, the hypoglossal, be cut on one side 
and sections of the medulla be stained by Nissl’s method, microscopical 
examination of the cells of origin forming the nucleus of that side 
presents a marked contrast in shape and mode of staining as compared 
with the other, indicating a reaction of injury in the trophic and genetic 
centre. A short time after the section of the nerve the cell-bodies and 
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nuclei of the group of neurons concerned appear somewhat swollen, 
and there are marked changes in the appearance of the protoplasm. 
The chromophilic elements are no longer distinct, but are replaced by a 
dust of fine colored granules, and there is a diffuse stairiing of the 
achromatic substance. About the time when the axis-cylinder begins 
to grow out the normal chromophilic character of the cell begins to 
return, and eventually, when function has been restored, the majority 
_of the cells present a normal appearance. 

Diseases of Nerves.—It is convenient here to consider the subject of 
neuritis ; for it must be remembered that parenchymatous neuritis really 
is a degenerative change of spinal, motor, and sensory neurons, al- 
though the effects of the toxie agents in the blood are only visible in 
the remoter portions of the neurons. “Stocking anesthesia” of the 
legs and “glove anesthesia” of the arms, characteristic of polyneuritis, 
indicate that the sensory disturbance does not correspond to spinal 
segmentation, but is dependent upon distance from the trophic and 
genetic centres, and possibly, also, upon distance from the heart, and 
consequently impaired circulation. In four fatal cases of alcoholic 
polyneuritis, which the writer has examined, he has found marked 
changes in the cells of the anterior horns and the posterior spinal 
ganglia. 

Parenchymatous neuritis is toxic in origin and usually symmetrical, 
and affects a number of nerves (polyneuritis) ; it may be associated 
with some interstitial change, but generally this is secondary to the 
degenerative process. 

The changes in the nerves are those of primary Wallerian degene- 
ration, viz., breaking up of the myelin, proliferation of the nuclei of 
the sheath of Schwann, swelling of the axis-cylinder in some places, 
- attenuation in others, and finally its rupture and destruction. The 
process commences at the periphery, and spreads centreward. If the 
poison is eliminated before destructive changes have occurred in the 
cells of origin, it is possible for regeneration to occur, but often the 
paralysis is permanent. The difference in the microscopical appear- 
ances between parenchymatous neuritis and degeneration from section 
of a nerve is that in the former the fibres are much more unequally 
affected, some exhibiting comparatively little change, while others show 
advanced degeneration (Fig. 296). 

Interstitial neuritis is an inflammation affecting the vascular, inter- 
stitial and supporting connective tissue, sometimes causing permanent, 
sometimes temporary loss of function according to whether the inflam- 
mation is productive of degenerative changes in the nerve-fibres or not. 
It may occur as a result of injury or cold, especially in a rheumatic or 
gouty subject, sciatica and Bell’s paralysis affording examples of this 
affection. In anesthetic leprosy and syphilis the interstitial vascular 
connective tissue is the seat of a specific inflammatory process ; the 
former disease is known to be due to a specific process. 

Degeneration of the Central Nervous System.—The methods em- 
ployed for studying Wallerian degeneration of the central nervous 
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system, taking, for example, the spinal cord, where the afferent and 
efferent tracts are clearly defined, as follows: If posterior spinal roots 
be cut, or there be a transverse lesion of the spinal cord, it is possible 
if the patient survive for ten days to recognize naked-eye changes in 
definite tracts of the spinal cord, provided the spinal cord be suspended 
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in Miiller’s fluid for a month or so (Fig. 297). The cord thus hard- 
ened is cut transversely and the degenerated tracts are recognized by 
their lighter yellow color, as compared with the healthy white matter 
which is now stained a brownish yellow. For microscopical examina- 
tion of such an early degeneration, there is no method to compare with 
that of Marchi. It consists in placing thin transverse slices of the 
central nervous system thus hardened in a solution of one part of a 1 
per cent. solution of osmic acid and tivo parts of Miiller’s fluid for one 
to three weeks, then washing for several days in running water, and 
cutting by the celloidin-method. Sections should be cut longitudinally 
and transversely. The early changes in the axis-cylinder and myelin- 
sheath are beautifully shown, and even single degenerated fibres can be 
followed the whole length of the spinal cord. The healthy fibres are 
stained a light greenish gray, but both the axis-cylinder process and 
the breaking-up myelin are stained black, owing to fatty degeneration. 
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This method is most suitable for early degenerations one week to one 
month after the lesion. For later degenerations, the Weigert or Weigert- 
Pal methods are most suitable. When sclerosis has taken place, it is 
better to adopt one of the latter methods; the healthy white matter is 
then stained blue, and the sclerosed tissue is yellow or unstained, accord- 
ing to the method adopted. Wallerian degeneration of the nerve-fibres 
of the central nervous system must occur in all organic lesions, and its 
extent and distribution will depend entirely upon the ganglion-cells de- 
stroyed, or upon the fibres which have been interrupted in their continuity 
with the cells of which they are the outgrowths. 

The microscopical changes in the fibres, as a result of degeneration, 
are a breaking-up of the myelin-sheath (there is no neurilemma), an 
alteration in its chemical composition, and swelling of the axis-cylinder- 


Fig. 297. 
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Section of the lumbar enlargement of spinal cord of monkey. Showing degeneration in the pos- 
terior column on one side, the result of section of the first sacral posterior root. It will be 
observed that all the short spinal root-fibres show no degeneration, these having already 
formed their end station at a lower level. The black tract near the middle line consists of 
two sets of medium length, which end about Clarke’s column, conducting cerebellar impulses 
and long fibres which pass all the way up the cord in Goll’s column to end in the funiculus 
gracilis. Observe that the degeneration is strictly limited to the posterior column of the 


same side. 


process owing to a fatty degeneration ; the clear distinction between Be 
central axis-cylinder and surrounding myelin thus being lost. Later, 
as the altered myelin is carried away by phagocytes, spaces may be 
seen with the swollen axis-cylinder in the middle ; or empty spaces mn 
the neuroglia-tissue occur owing to rupture and porate tO as he eo 
erated axis-cylinder processes (Figs. 298 and 299). As the atrop a 0 

the nervous structures proceeds, there is a hyperplasia of the neuroglia 
and proliferation of the glia-cells. The process during the early stages 
has been one of softening; it is now a true sclerosis with shrinking, but 
there is no tendency (in uncomplicated primary or secondary systemic 


510 PATHOLOGY OF THE NERVOUS SYSTEM. 


Fie. 298. 
we 


Sete 


Degeneration of crossed pyramidal tract at the tenth dorsal segment, forty days after hemisection 
of the spinal cord in the mid-dorsal region. The drawing was made from a photo-micro- 
graph of a section of the posterior part of the lateral column, stained by the Pal method. 
The condition is one of commencing sclerosis. The black dots are the swollen axis-cylinder 
processes, mingled with the degenerated myelin; here and there are parts unstained, show- 
ing that the nerve-fibres have disappeared and neuroglia alone is left, A few empty spaces 
are seen scattered about, showing the previous existence of nerve-fibres at these points. A 
large number of healthy fibres are seen mingled with the degenerated fibres; these are the 
fibres of the direct cerebellar tract on their way to the periphery of the cord. (Mott, Phila. 
Trans., 1892.) 


degeneration) for the sclerosis to extend its limits, and it may even be 


limited to a microscopic transverse area. The connective-tissue over- 
growth shuts off its own nutrition by changes in the walls of its nutrient 
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Degeneration of crossed pyramidal tract at the eighth dorsal segment, seventy days after hemi- 
section of the spinal cord in the mid-dorsal region. Prepared and drawn in the same way as 
Fig. 298. Much more sclerosis and atrophy are seen. The degenerated nerves have for the 
most part disappeared, empty spaces in the neuroglia being left ; some few black dots are 
shown—indications remaining of degenerated nerve-fibres, At the periphery the healthy 
fibres of the direct cerebellar tract are seen. (Mott, Phila. Trans., 1892.) 


vessels, Eventually a cicatricial tissue may be formed; and the pres- 
ence of this impenetrable tissue may be the reason why in the higher 
animals there exists no definite proof that regeneration of nerve-fibres 
can take place in the central nervous system. 
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The Chemistry of Degeneration—The nervous system is composed 
chemically of very complex bodies, e. g., proteids, nucleoproteids, newro- 
keratin, and protagon or lecithin, which forms the principal constituent 
of the myelin-sheath, This is a complex phosphoretted fat which stains 
black with osmic acid like all other forms of fat; but the myelin- 
sheath differs from tissues containing ordinary fat, such as olein, 
palnitin, stearin, by the fact that when white nervous matter is placed 
for some time in Miiller’s fluid the constituent myelin no longer stains 
black with osmic acid, but an ashy gray. This difference in chemical 
reaction is the basis of the Marchi method. It is probable that the 
chemical decomposition which occurs when myelin undergoes degenera- 
tion is a breaking-up of the complex molecule of protagon (lecithin) 
thus : 


C,,H,,NPO, + 3H,O = 2C,,H,,0, + C,H,PO, + C,H,,NO, 
(lecithin) (water) (stearic acid) (glycero-phos- (cholin) 
phoric acid) 


For if a spinal cord which shows well-marked degeneration on one side 
be divided longitudinally into two halves, and each half dried, weighed, 
and the fat of each separately extracted with ether, it will be found 
that while on the degenerated side there is an increase of ether-extract 
(fat) as compared with the healthy side, there is less phosphorus, the 
presumption being that the above decomposition has taken place. 
Examination of the sections stained by the Marchi method shows that 
not only does the myelin-sheath stain black, but the axis-cylinder- 
process as well; the proteid matter has therefore undergone fatty 
degeneration ; moreover, chemical analysis shows that this is so, for 
the degenerated half of the cord yields less proteid residue than the 
healthy half. It has been shown ‘(Halliburton and Mott) that cholin 
exists in the cerebrospinal fluid of patients suffering with extensive 
degeneration of the nervous system, e. g., general paralysis, and that it 
does not exist in the normal fluid. The existence of cholin in the 
cerebrospinal fluid of general paralytics renders it probable that auto- 
intoxication may occur in extensive degenerative processes of the 
nervous system. The action of cholin is to produce a fall in the blood- 
pressure, partly by its effect on the heart, but mainly by dilating the 
splanchnic arteries, owing to a toxic influence on the peripheral neuro- 
muscular mechanism. Newrin, a product of the decomposition of 
cholin by micro-organisms is a very powerful poison ; it produces a 
preliminary fall, and then a rise, of blood- -pressure with respiratory 
convulsions. These two bodies belong to the same group, chemically, 
as muscarin. 

Effects of Degeneration upon Function—The most important phe- 
nomena resulting from morbid changes affecting the nervous system are 
related to disturbances of the sensori-motor mechanism. 

Paralysis.—There are two types of paralysis, according to whether a 
lesion affects the wpper corticospinal motor neuron, or the lower spino- 
muscutar neuron. Paralysis of the corticospinal type is met with in 
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brain-disease producing hemiplegia ; it also occurs in both lower limbs 
after a transverse lesion of the cord, as in caries of the spine, tumors, 
focal myelitis ; also in primary lateral sclerosis. If a transverse lesion 
exists in the cervical region, the arms are also affected. The charac- 
teristics of this form of paralysis are complete or partial loss of volitional 
power, with stiffness and rigidity of the limbs. The muscles are not 
wasted except from disuse, the deep reflexes are exaggerated, and there 
is no alteration in the electrical reaction of the muscle. Paralysis of 
the spinomuscular type: this due to the morbid process affecting the 
motor neurons in the anterior horn, or their homologues (the nuclei of 
the motor cranial nerves) in the medulla and pons, or the nerve-trunks 
containing the axons of the neurons. It occurs in infantile paralysis, 
acute and chronic poliomyelitis, myelitis, progressive muscular paralysis, 
bulbar paralysis, syringomyelia, tumors and hemorrhages within the cord, 
medulla and pons, and softening of the cord from embolism and throm- 
bosis. The characteristics of this form of paralysis are that the muscles 
affected are completely paralyzed, and that if they recover they do so 
imperfectly and slowly. Although all the muscles of a limb may be 
paralyzed, as a rule certain groups suffer particularly. The limb is not 
rigid, the muscles being relaxed and flabby and the articular surfaces of 
the joints no longer held in close approximation. The deep reflexes 
are lost completely. The muscles rapidly atrophy and upon electrical 
examination there is an early appearance of the reaction of degenera- 
tion. Sensory disturbances do not necessarily accompany this form of 
paralysis. | Vasomotor disturbances are manifested by coldness and 
blueness of the limb. 

Each segment of the cord presides over definite groups of muscles, 
and in progressive muscular atrophy we find several different types of 
the disease according to the initial seat of the degenerative process. 
Sometimes it will begin in the muscles of the shoulder-girdle, sometimes 
in the small muscles of the hand: the same distinction can be made in 
the lower limbs. Sometimes the degenerative process will commence in 
the nuclei of origin of cranial nerves, giving rise to affections of deglu- 
tition, phonation, and articulation (bulbar paralysis). Fibrillary twitch- 
ings are very characteristic of this neuromuscular degenerative process. 

Disturbance of Reflex Action—The reflex acts are: (1) tendon or 
deep reflexes ; (2) skin or superficial reflexes ; (3) reflex functions of the 
bladder and rectum. Such reflexes may be increased, diminished, or 
lost. 

The knee-jerk is the best example of a so-called deep reflex, but 
although dependent upon the integrity of the reflex are of the fourth 
and third lumbar segments of the spinal cord, yet careful time-measure- 
ments have shown that it is not a true reflex. It is produced by strik- 
ing the quadriceps tendon put on the stretch by flexing the knee ; the 
hamstring muscles are thus at the same time relaxed, so that the action 
exerted by them in antagonism to the quadriceps (Sherrington) is done 
away with. This is not, however, so much due to the fact that relaxa- 
tion of the flexor muscles of the knee leaves that joint more free to move 
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when the quadriceps extensor is excited to contraction by tapping its 
stretched tendon, as to the removal of an antagonistic tonic influence 
through afferent nerves (fifth and sixth lumbar roots) which the flexor 
group of muscles exert through the spinal reflex are upon the corre- 
lated extensor group (Fig. 300). Absence of the tendon-reflex without 
wasting and degeneration of muscle, indicates degeneration of the pos- 
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Diagram to explain the knee-jerk (Sherrington). EF. ¢., external cutaneous nerve; A. c., ante- 
rior crural nerve with c’, cutaneous, and m’, muscular branches, coming from the third and 
fourth lumbar segments of the spinal cord; Ob., obturator; Sc., sciatic nerve with J. P., 
internal popliteal, E. P.,external popliteal branches; Va. Cr., the vasti and crureus muscles, 
the internal portion being especially concerned in the knee-jerk. Destruction of the reflex 
are of the third and fourth lumbar segments in either its efferent or afferent portions will 
abolish the knee-jerk, because it will either paralyze the vastus crureus muscle or destroy 
its “myotatic” irritability.* : 


terior column of the cord. Absence of the tendon-reflex with wasting 
of muscle and sensory disturbance, indicates peripheral nerve degenera- 
tion or destruction of the central gray matter of the anterior and pos- 
terior horns. Absence of the tendon-reflex with wasting and degenera- 
tion of muscle, but without sensory disturbance, indicates degeneration 
of the anterior horn cells or primary progressive myopathy. 

By muscular degeneration is not meant disuse-atrophy, but a wast- 
ing accompanied by changes in electrical excitability of the nerve and 
muscle. Bastian has pointed out that complete destructive transverse 
lesions of the spinal cord high up in the dorsal or cervical regions (in 
which presumably the reflex are is intact) are often followed by absence 
of the knee-jerk. Of course, the pyramidal tracts will be degenerated, 
and it is difficult therefore to understand why the knee-jerks are lost. 


* Myotatie irritability is the term used by Gowers to embody his view that the knee- 
jerk and other deep reflexes depend on the increased irritability of a stretched muscle. 
If the tension is sudden and forcible, not only increased irritability, but also visible con- 
traction occurs. This is especially evident when cerebral influence. has been removed 
by pyramidal degeneration. 
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It has been thought by Bastian to be due to the removal of cerebellar 
influence. The knee-jerk is diminished in old age, during sleep, and 
in anemia of the spinal cord. 

In cases where the knee-jerk is exaggerated owing to removal of 
cortical influence by degeneration of the pyramidal tracts, another 
phenomenon is often obtainable ; if the calf-muscles which extend the 
ankle-joint are suddenly put on the stretch by pressing the hand 
against the sole of the foot, a quick contraction occurs, and by keeping 
up the pressure there is a recurrence of the contractions at a regular 
rate (about eight per second) ; the foot is thus thrown into a series of 
clonic spasmodic contractions termed the foot-clonus or ankle-clonus, 
Conditions which give rise to ankle-clonus are usually accompanied or 
followed by contracture, a state of permanently increased muscular tonus. 

The superficial skin-reflexes, epigastric, gluteal, cremasteric, plantar, 
are usually lost in those diseases of the spinal cord in which the tendon- 
reflexes are exaggerated. They are frequently lost in organic brain 
diseases, in which the tendon-reflexes are also exaggerated. In func- 
tional conditions, such as hysteria, in which the deep reflexes may be 
exaggerated, they are not lost. 

Examples of reflex spinal tonus are also afforded by the action of the 
sphincters of the bladder and rectum. The tonic contraction of these 
muscles is abolished by destruction of the lumbar enlargement of the 
spinal cord—hence the resulting incontinence of feeces and of urine. 

Disturbance of Sensation.—Irritation of the sensory areas of the 
cord may cause hypercesthesia—an excessive sensibility of the skin to 
ordinary stimulation ; or parcesthesia, viz., burning, tingling, creeping, 
and numbness, referred to particular parts of the skin and limbs which 
correspond to the segments of the cord irritated. Pressure on roots 
also gives rise to very severe localized pain ; and at the level of a focal 
lesion of the cord, as in transverse myelitis, there is a feeling of a cord 
round the waist (girdle sensation). 

Destruction of the sensory tracts of the spinal cord or of the posterior 
spinal roots will lead to loss of sensation. The sensory defects may be 
loss of sensation (1) of touch (tactile ancesthesia), (2) of painful sensa- 
tions (analgesia), (3) of heat and cold (thermo-anesthesia), (4) of mus- 
cular sense (ataxia). 

The posterior roots convey to the cord all forms of sensibility ; 
hence when the morbid process affects the roots all forms of sensibility 
may be affected ; but when the fibres forming the roots enter the cord, 
they separate morphologically into three systems having different func- 
tions : (1) “short spinal,” ending in the gray matter of the spinal seg- 
ment, taking part in the reflex arc ; (2) “middle length ” fibres, which 
pass into the external part of the posterior column and conduct impulses 
to the cerebellum ; (8) “ long fibres,” which at first lie in the external 
portion of the posterior column, afterward reach the median portion, 
and conduct kinesthetic impulses to the opposite cerebral hemisphere. 
Hence it is possible, as in diseases of the spinal cord, for one form of 
sensation to be lost while others are preserved. Thus in diseases of 
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Fig. 301. 


1, anterior horn; 2, base of anterior horn; 3, posterior horn; 4, pyramidal ee 5, direct cere- 
bellar tract; 6, anterolateral tract; 7, oval area of Flechsig; 8, Lissauer's zone ; 9, cory 
commissural; 10, Gombault and Philippe’s tract; 11, direct pyramidal tract; 12, Goll’s 
column; 13, Burdach’s column ; 14, postero-internal triangle; 15, comma tract; x x XxX root 
zone. 7,9, 10, and 15, are endogenous tracts, and do not undergo degeneration Te locomotor 
ataxy. The ground fibres situated around the gray matter are commissural, uniting the dif- 
ferent segments of the cord. 
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the gray matter (syringomyelia), we have the characteristic symptoms 
of sensory dissociation, viz., tactile sense preserved, while sense of pain 
and of heat and cold is lost. In diseases of the posterior columns, 
e.g., locomotor ataxy, we may have ataxy either alone or associated 
with anesthesia. In general myelitis all’ the sensory tracts are impli- 
cated, and all forms of sensation are affected. In transverse lesions 
of the cord there is an interruption to the transmission of all forms of 
sensation below the lesion. 

The spinal cord has two sets of functions: (1) the direct reflex 
control of definite visceral and somatic regions of the body, by means 
of its thirty-one pairs of segment nerves, (2) the functional of trans- 
mitting sensory afferent impulses to the brain and motor voluntary 
impulses from the brain. The path of the motor impulses from the 
brain is well known. The path of the sensory afferent impulses is not 
so definite. It may, however, be concluded that the gray matter con- 
ducts painful and thermal sensations, while the posterior columns con- 
duct tactile and muscular sense-impressions. The other afferent tracts 
in the cord are the anterolateral (ventral cerebellar) and the direct cere- 
bellar ; they conduct impulses to the cerebellum. There is a descend- 
ing cerebellar tract, occupying the anterior border of the lateral column, 
the fibres of which probably arise from Deiters’s nucleus (Fig. 321). 
The accompanying diagram represents the various afferent and efferent 
tracts of the spinal cord. Those tracts which arise from cells within 
the spinal cord are spoken of as endogenous, those which arise from ° 
cells outside, e.g., the spinal ganglia, are spoken of as exogenous. 

The principal symptoms of disease of the spinal cord are, (1) paral- 
ysis, (2) changes in reflex activity, (5) alterations of gait and posture, 
(4) disturbance in the control of the sphincters of the bowel and bladder, 
(5) sensory defects, (6) sensory incodrdination, “ataxy,” (7) trophic dis- 
turbances. The symptoms arising from disease of the medulla and pons 
are especially related to affection of the nuclei of the cranial nerves, com- 
bined with interruption of the motor and sensory tracts. Owing to the 
existence of so many important structures close together, small vascular 
lesions or tumors in these regions produce serious and generally fatal 
consequences. 

Cerebral Localization —In the brain, differentiation of function and 
structure finds its highest development, and morbid processes may be so 
localized as to lead to derangement or loss of some particular function. 
It may not be out of place, therefore, to give a brief account of the 
functions of the brain so far as the localization of disease is concerned. 
Cerebral localization in man is sometimes said to have had its founda- 
tion in the discovery, in 1861, of the speech-centre by Broca, after whom 
is named that portion of the brain corresponding to the third left frontal 
convolution, and its junction with the ascending frontal. The important 
clinical observation of Hughlings Jackson, who showed that an irritative 
lesion of the cortex produced epileptiform convulsions affecting repre- 
sentative groups of muscles in a definite march, received its anatomical 
and physiological explanation by the experimental discovery of cerebral 
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localization by Fritsch and Hitzig in the dog. Various monoplegias in 
man due to localized lesions have been noted, by which the Rolandiec 
area has been mapped out into definite regions, closely corresponding to 
those mapped out by stimulation in the orang-utan by Horsley and 
Beevor (Fig. 302). Munk first demonstrated experimentally that re- 
moval of both occipital lobes caused blindness, and that removal of one 
caused blindness of the opposite half of the field of vision ( hemianopsy). 
There are, however, functions of the human brain which can only be 
ascertained by association of detects observed during life with lesions 


Fig. 302. 
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Left hemisphere, showing the situation of the cortical projection-centres. The parts which are 
not lettered represent Flechsig’s association-centres. 


post-mortem, e. g., the centres connected with (1) articulate speech, 
absence of which is termed motor aphasia, localized in Broca’s convolu- 
tion ; (2) visual word memory, localized in the angular Gyrus 5 (3) audi- 
tory word memory—cases of softening of the posterior third of the first 
temporal convolution having been observed in persons who could read 
written language, but could not understand spoken language ; (4) cases 
of disease of the base of the second frontal convolution found associated 
with inability to write words, but not inability of utterance (agraphia). 
According to Flechsig, certain areas of the cortex contain only neurons 
of association and no neurons of afferent or efferent projection ; these 
latter are found, according to him, only in the excitomotor (Rolandic) 
region of the cortex and those regions which are concerned with special 
sense, e.g., occipital lobes and tip of the temporosphenoidal lobe; all 
the remainder of the cortex consists of association-centres. It is probable, 
from observations upon the effects of disease as well as of extensive 
injuries, that the frontal lobes are concerned with the higher functions of 
mind, as impairment of the moral and emotional faculties has been the 


518 PATHOLOGY OF THE NERVOUS SYSTEM. 


only result of extensive destruction of the cortex in this region. There 
is abundant evidence to prove that the departure-platform of the efferent 
motor projection system is in the central convolutions (Fig. 302). The 
neurons of this system are physiologically connected by the dendrons 
with the terminals of the afferent projection system, and by the tangen- 
tial system of fibres of the superficial layers of neurons, by which co- 
ordinate action of adjacent systems is maintained. 

In every voluntary movement the whole three nervous circles (cerebral, 
cerebellar, and spinal) are in action (Fig. 321); impulses are ascending 


Fig. 303. 


Photograph of base of brain. a, atrophy of the right frontal lobe, due to softening; b, healed 
aneurism of the basilar artery; from a case of post-hemiplegic dementia with epilepsy. 


the afferent systems and descending the efferent during the whole time. 
We are conscious of the position of our limbs by the sensations which 
ascend the afferent system, and this consciousness is necessary to, and 
precedes, volitional movement. The sense of movement (Aincesthesia) is 
a combination of the sensations proceeding from skin, muscle, tendons, 
and joints. A priori we should expect the arrival-platform of these 
sensations in the cortex to be in close proximity to the departure-platform 
of the efferent system. Flechsig, by the embryological method, has 
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shown that the sensory fibres of the internal capsule terminate in the 
central convolution. It must be admitted, however, that lesions of the 
cortex do not as a rule produce marked sensory defects. 

Lesions of the brain may be irritative or destructive. If an irritative 
lesion be situated in the evcitomotor area it will cause fits, commencing 
usually with a sensory wura in the part which is thrown into convyul- 
sions. If it be a destructive lesion, there will be a loss of function, which 
may or may not be discoverable, according to the side of the brain 
atfected and its seat. Loss of speech, of viswal word-memory, of audi- 
tory word-memory, or agraphia, only occur when the centres in the left 
hemisphere are destroyed, unless the patient be born a left-handed person. 
Extensive lesions in some portions of the brain, e. g., frontal region, 
may not be discoverable during life, but probably this is owing to our 
want of discernment and of previous knowledge of the intellectual and 
moral character of the individual before he was afflicted. If the middle 
cerebral artery be blocked at its commencement, there will not only be 
softening of the whole cortical area supplied by this vessel, but also of the 
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Diagram after Von Monakow to show the effect of embolism. See text. 


internal capsule and basal ganglia (A, Fig. 304), resulting in hemiplegia ; 
and, if on the left side, there will be aphasia, word-deafness, and word- 
blindness. If the artery be blocked at B beyond the basal arteries, 
there is a possibility of some collateral circulation being restored by the 
anterior cerebral. If the first Sylvian branch is blocked (C), there will 
be softening in Broea’s convolution and aphasia ; if the second (/), there 
will be softening of the Rolandie area and hemiplegia ; while blocking 
of the posterior main division (D) of the middle cerebral artery on the 
left side will cause word-blindness and word-deafness, frequently aceom- 
panied by dementia, but not by motor aphasia or hemiplegia. ‘The effect 
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of occlusion of the posterior cerebral artery is lateral homonymous 
hemianopsy, often only partial in character. 

Lesions in the centrum ovale produce effects according to the size and 
seat of the lesion. The motor and sensory projection-systems form two 
funnels with their base at the cortex and their neck at the internal 
capsule. It requires a large lesion in this region to interrupt the whole 
of the fibres belonging to these systems. Lesions of the internal capsule 
are especially common in both softening and hemorrhage (pp. 537, 540). 
The functions of the cerebellum have been determined more accurately 
in recent years, and Luciani has shown that removal of this organ in 
animals produces asthenia, atonia, and astusia. It is generally admitted 
that the cerebellum is an organ concerned with muscular coérdination, 
and it is probably by the exercise of this function under the guidance 
of peripheral stimulation that it serves to maintain steadiness in gait 
and station. Fach lateral lobe of the cerebellum is connected with the 
motor cortex of the opposite cerebral hemisphere. Probably the cere- 
bellum has also an important influence upon the maintenance of tonus 
in the fiwation of a joint by the correlative action of the antagonistic 
muscles. The results of cerebellar disease, e.g., tumor, cyst, or abscess, 
are unsteadiness of gait and station; the ataxy which results is peculiar, 
the gait being oscillating, causing the patient to sway to and fro like a 
drunken man. Asa rule, the patient walks and tends to full toward 
the affected side in unilateral lesions. There is generally hemiparesis 
on the same side as the lesion. 


INFLAMMATION OF THE MENINGES. 


Three membranes enclose the central nervous system, but owing to 
the intimate connection of the pia mater and arachnoid these always 
suffer together. Inflammation of the tough fibrous dura mater is termed 
pachymeningitis. Inflammation of the soft pia-arachnoid is termed 
meningitis, or more precisely, as the antithesis to pachymeningitis, /epto- 
meningitis. 


Pachymeningitis. 


The dura mater consists of two layers, a thick outer layer which is 
periosteal in its functions, and a thin inner layer with a smooth epithelial 
surface. Either layer may be the seat of inflammation, which is usually 
chronic. 

External pachymeningitis is frequently caused by caries or necrosis 
ef the spine and bones of the skull due to syphilis, wounds, or exten- 
sion from disease of the middle ear. 

Morbid Anatomy.—The dura mater at first is oedematous and con- 
gested ; later it may be covered with pus, which separates it from the 
bone and also infiltrates its substance. If the inflammation does not 
become purulent, the thickened outer layer of dura mater may become 
firmly adherent to the bone. 

Internal pachymeningitis is characterized by the formation of a false 
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membrane, usually very vascular and consisting of several layers. 
Owing to the rupture of vessels, blood-cysts are found between the 
layers, known by the name of /wmatomata of the dura mater. _The 
false membrane, which usually causes adherence of the dura mater to 
the arachnoid, extends generally over the greater part of one or both 
hemispheres. The condition is rare, and met with usually in general 
paralysis of the insane and in chronic alcoholism. 


Meningitis or Leptomeningitis. 


Inflammation of the pia-arachnoid is in nearly all cases due to 
infective inflammation produced by micro-organisms. The most im- 
portant form is tubercular (p. 356). A number of other causes of 
infection exist, which may be considered under the headings local and 
general. 

Local.—(1) Traumatic injuries of the head with direct infection. 

(2) Adjacent disease outside the dura mater, suppurative otitis, 
chronic ear-disease with caries of the mastoid or petrous portions of 
the temporal bone, and occasionally disease of the bones of the nose or 
orbit. The infection in these cases may spread directly, or along the 
course of lymphatics or bloodvessels. It is probable that some cases 
of meningitis in which no visible organic cause is found post mortem 
may have arisen by the infection gaining access to the middle ear by 
the Eustachian tubes. 

(3) Tumors and abscesses of the brain may cause inflammation of 
the adjacent meninges. 

General_—Meningitis may occur in the course of certain infective 
diseases—e. g., smallpox, scarlet fever, measles, septicemia—and in 
syphilis, gonorrhoea, pneumonia, and acute rheumatism, Cerebro- 
spinal meningitis, due to a specific diplococcus (p. 299), may also occur 
in an epidemic form. A form of meningitis described by Barlow and 
Gee, designated posterior basic meningitis, is also due to the same 
diplococeus. It affects infants and young children, and one-half the 
eases are fatal. Meningitis in rare instances has followed a blow not 
causing any wound, and it has been found post mortem in some cases 
of sunstroke. Thickening and opacity of the membranes also occur in 
chronic wasting degenerative processes of the central nervous system ; 
for example, tabes dorsalis and general paralysis. The process is now 
generally considered to be secondary to the atrophy. 

Morbid Anatomy.—When the infection is local the meningitis may 
be circumscribed, but when the cause is some infective blood condition 
it is usually generalized, and may in some cases affect the spinal as well 
as the cerebral meninges—e. g., meningitis occurring in the course of 
pneumonia may in many ways resemble the epidemic form, Tuber- 
cular meningitis usually affects the base primarily and especially, 
whereas in other forms the convewities of the hemispheres are affected. 
Certain changes are common to all forms of meningitis. The pia 
mater is intensely hyperemic and red, as if the vessels had been arti- 
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ficially injected. Soon opacity and thickening of the membranes occur, 
recognizable most readily in the arachnoid ; and along the course of the 
vessels there is an opacity owing to distention of the perivascular 
lymphatic sheaths. An inflammatory exudation from the bloodvessels 
of the pia mater occurs ; this may be serous, seropurulent, or purulent, 
and is manifest especially over the sulci of the convexity and the spaces 
at the base of the brain. In severe cases pus mixed with fibrin forms 
a continuous opaque yellowish layer under the visceral layer of the 
arachnoid. “The inflammation usually spreads to the adjacent structures, 
causing neuritis, myelitis, encephalitis, and, later on, adhesions. The 
ventricles of the brain and the interpeduncular subarachnoid space 
may be distended with a turbid serous fluid, and the choroid plexus as 
well as the velum interpositum is usually congested and swollen. 
This fluid, examined microscopically, may be found to contain large 
granular epithelial cells, leucocytes, or pus-cells. 

The suppurative process is extremely marked, and often very rapid 
in formation in epidemic cerebrospinal meningitis. 

Effects.—The first stage, or period of excitation, is characterized by 
headache, delirium, rigidity, and general or local convulsions: these 
symptoms can be accounted for by the irritation, in early stages of 
inflammation, of the cortex, crus, pons, medulla, or the spinal cord 
and nerves. 

The second stage or period of depression occurs as the inflammation 
extends into the cortex and motor nerves, paralyses of various kinds 
appearing. In the final stage, the increasing effusion into the skull 
causes a rise of intracranial pressure and thus induces coma. Another 
way in which symptoms may be produced is by the growth of micro- 
organisms, which may have a local irritating action, or symptoms may 
arise from the absorption of their toxic products. The pneumococcus 
is the organism most frequently found. 


INFLAMMATION OF THE CENTRAL NERVOUS 
SYSTEM. 


Encephalitis—Inflammation of the brain may arise from three 
causes: traumatic injury, inflammation of adjacent structures, and 
acute infective diseases—erysipelas, typhoid fever, typhus and diph- 
theria. Striimpell considers that infantile cerebral hemiplegia is due 
to a primary systemic inflammation of the gray matter of the motor 
cortex, analogous to anterior poliomyelitis ;, hence he terms it polio- 
encephalitis. Very probably the two diseases have an identical cause. 
Anatomically, the alteration in the brain-tissue which results from acute 
inflammation is a process of ved softening. 

Cerebral Abscess.—The causes may be divided into local and distant. 
By far the most frequent /ocal cause of cerebral abscess is chronic ear- 
disease. Inflammation of the middle ear or mastoid cells is often 
followed by a purulent discharge and caries of the bone; not infre- 
quently arrest of the discharge is followed by abscess. Occasionally 
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there may be no bone disease, only suppurative inflammation of the 
middle ear or mastoid cells ; and in such cases the infection probably 
passes by the perivascular lymphatics along the veins which connect the 
tympanic cavity and mastoid cells respectively with the superior petrosal 
and lateral sinuses. Disease of the nose and orbit, syphilitic caries of 
other bones, tumor of the brain, and injury are among the rarer causes 
of cerebral abscess. Distant causes are pyeemia, gangrene of the lung, 
foetid bronchitis, bronchiectasis, and empyema—all rarely met with. 

Morbid Anatomy.—Abscesses are usually solitary, but there may be 
several, and in pyzemia sometimes many; in size they are rarely less 
than that of a walnut, and many even involve the greater part of a 
cerebral hemisphere. Owing to the frequency with which ear disease 
acts as a cause, abscess is met with most often in the temporosphenoidal 
lobe and the lateral lobe of the cerebellum. In nasal and orbital 
disease it is usually found in the adjacent frontal lobes. In chronic 
cases the abscess cavity is limited by a well-defined capsule: the more 
acute the abscess the less is there a tendency for it to be circumscribed. 

The process of swppuration commences with inflammatory softening ; 
cell-infiltration replacing and destroying the normal structure. Pus is 
formed which, in the case of ear disease, is usually of a greenish color 
and frequently of foetid odor and acid reaction. It is made up of pus- 
corpuscles, degenerated cells, fat, cholesterin, heematoidin, and micro- 
organisms, usually staphylococci and streptococci. The pus is contained 
at first in an irregular cavity, and there is a tendency for the abscess to 
increase by a necrosis of portions of the limiting tissue; it may thus, 
by spreading, burst into the lateral ventricles or externally. It may, 
however, become encapsuled by connective tissue, and the pus, under- 
going mucous degeneration, becomes thick and viscid. It is thought 
that pus thus encapsuled may dry up and caseate or calcify, or even be 
completely absorbed, leaving little more than a scar. The symptoms 
produced by abscess depend upon local irritative effects of the infec- 
tive inflammation, septic absorption, and, in severe cases, intracranial 
pressure. 

Myelitis—The term myelitis has been used for all forms of degener- 
ation of the spinal cord, and thus we have the subdivisions acute, 
subacute, and chronic; or it may be considered according to its locali- 
zation, and then the terms transverse myelitis, diffuse myelitis, leuco- 
myelitis, poliomyelitis, and meningomyelitis are used. 

The true causes are probably infective organisms or toxic agencies. 
Cold and injury may operate, as in pneumonia, by lowering the vital 
resistance, 

Of all the infective diseases which lead to these various forms of 
myelitis, syphilis is the most important ; but tuberculosis (in the pro- 
duction of Pott’s disease and meningomyelitis), epidemic cerebrospinal 
meningitis, gonorrhoea, measles, diphtheria, influenza, scarlet fever, 
smallpox, and typhoid fever offer examples of infective diseases which 
have been followed by various forms of myelitis. Probably the inflam- 
mation is due to the toxins produced in the blood by the infective 
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organisms. Other toxic agencies, as in ergotism, pellagra, and lathyrism, 
offer examples of vegetable poisons ; lead and arsenic, of mineral poisons, 
any of which may cause myelitis. 

Acute Myelitis—The naked-eye appearances are variable : the spinal 
tissue is sometimes softened, pinkish-white in appearance, yellowish or 
brownish-red, according to the condition of the bloodvessels and the 
amount and change in the extravasated red blood-corpuscles. In an 
early stage, a large number of granular corpuscles and amyloid bodies 
appear ; the axis-cylinders are either swollen and granular, or destroyed, 
and the myelin-sheaths of the white matter are rapidly broken up. The 
ganglion-cells undergo degeneration ; their processes are swollen and 
varicose, or broken off (Fig. 307). Stained by Nissl’s method, the 
chromatic substance loses its normal appearance, and the granules are 
no longer visible in the cell-body or dendrons. The protoplasm is 
diffusely stained, and the nucleus eccentric or extruded ; later the cells 
present signs of atrophy, and eventually may completely disappear. 

The vessels, thrombosis of which appears in many cases to be the 
determining cause of the above-mentioned changes, are engorged with 
blood, and their lymphatic sheaths filled with leucocytes ; and when the 
inflammation is very intense hemorrhages may be found. There is an 
increase of nuclei and small round cells in the gray matter, and Deiters’s 
cells are more numerous than normal. 

Later the connective tissue undergoes proliferation, and there is rapid 
progressive softening of the nervous elements owing to granulofatty 
degeneration. The process thus passes into the chronic stage, consti- 
tuting gray softening. Hemorrhages may occur in these foci of softening, 
and eventually the process ends in a sclerosis. 

All varieties of diffuse myelitis have a common pathological anatomy, 
but the clinical symptoms will of necessity vary according to the seat, 
extent, and distribution of the inflammatory process. 

Periependymal, or central, myelitis occasionally occurs, but the effects 
depend, as in syringomyelia, upon the amount and seat of the destruction 
of the gray matter. 

Meningomyelitis—Erb has called attention to the fact that in 
syphilis, very frequently in the early secondary stage of the disease, 
a focal myelitis occurs, the principal features of which are diffuse mye- 
litis of the white matter (not involving definite tracts), local thickening 
of the meninges, and a periphlebitis, with venous stasis or thrombosis, 
but no syphilitic changes in the arteries. 

Transverse myelitis is produced by Pott’s disease, aneurysm, growths, 
and thickening of the dura mater. The symptoms vary according to the 
seat of the lesion. The mechanism of the damage to the cord is two- 
fold—viz., compression and inflammation. The cord may (at the seat 
of compression) be flattened, indented, or even reduced very greatly in 
size (Fig. 325); on section it has usually a gray appearance. The 
microscopical appearances of inflammation correspond to those already 
described, and the changes in the cord above and below the seat of in- 
jury are described under secondary degenerations. 
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The pathological effects may be considered under two distinct head- 
ings—root symptoms and cord symptoms. The former usually develop 
first in the form of shooting pains, owing to irritation of the sensory 
roots involved. With the pain there is usually hypercesthesia of the skin. 
Trritation of the motor roots causes painful contracture. Cord symptoms 
are: paresis or paralysis below the lesions, increase of superficial reflexes 
and of myotatie irritability. There may be no loss of sensibility diseov- 
erable in the parts below the lesion, although there is complete paralysis ; 
but there may, on the other hand, be delay, and in severe cases absolute 
loss of sensation. The condition of the sphincters and the tendency to 
bed-sores depend upon the integrity of the lumbar enlargement. If the 
lesion is in the lower cervical region, the pupils may be affected from 
implication of the ciliospinal centre, and the pulse rate diminished from 
damage of the accelerator fibres of the heart. 

Poliomyelitis—An acute inflammation of the anterior cornua is the 
morbid change found in infantile paralysis and in acute spinal paralysis 
of the adult. Singer and Munzer 
have shown that they can produce a Fig. 305. 
destruction of the anterior horn cells 
of the rabbit by compression of the 
abdominal aorta, thus cutting off the 
supply of blood to the lower end of 
the cord. It is highly probable that 
anterior poliomyelitis is due to block- 
ing of the anterior radicular arteries 
by inflammatory thrombosis, possibly 
of infective origin (Fig. 305), by 
which one or all the groups of cells in 
the anterior horn are destroyed, AC~ Diagrammatic representation of the supply 
cording to the extent of occlusion ; of the groups of anterior horn cells by the 
thus patches of softening arise in the radicular branches of the anterior median 

= metal ot arteries. Showing one group of cells com- 
anterior cornua on one or both sides. —_sjetely destroyed by occlusion of one of 
The microscopical appearances of the these small vessels, and thus explaining 
anterior horns ina recent casearesim- = Why in/poliomyelitis there is usually per- 
° . . . manent loss of movement in some one or 
ilar to those described as occurring in nore muscles. 
acute myelitis (Figs. 306,307). The 
appearances presented by the spinal cord may vary very considerably 
according to the length of time which has elapsed since the onset of 
the disease. In an old case, the segments of the spinal cord corre- 
sponding to the muscular paralysis (usually lumbar and cervical en- 
largements) exhibit a more marked translucency of the gray matter of 
the anterior horns ; and if limited to one side, as it often is, a diminu- 
tion in size of the anterior horn as compared with the opposite healthy 
side. The anterior horn cells may be absent, or vestiges of degen- 
erated ganglion-cells, in the form of obtuse or rounded protoplasmic 
bodies without processes, may be present. The fine nerve-plexus around 
the cells is either greatly diminished or completely absent, and only 
neuroglia and Deiters’s cells may be visible. The vessels are thickened. 
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When the lesion is bilateral it is rarely symmetrical ; more frequently it 
is unilateral, and it will then be observed that there is secondary atro- 


Fic. 306. 


Photomicrograph of a vertical section of lumbar enlargement of the spinal cord just behind the 
anterior median fissure and through the anterior commissure. On either side of the mid-line 
is a clear space containing granular matter ; this corresponds to the terminal distribution of 
one of the branches given off on either side by the anterior median artery at the bottom of 


the fissure. From a case of acute infantile poliomyelitis; death fourteen days after onset. 
12. (See Archives of Neurology, vol. i.) 


phy of correlated structures of the same half of the cord—viz., of the 
posterior column, anterolateral column, and posterior horn ; some ob- 


Fig. 307. 


Photomicrograph of base of anterior horn, showing cells with swollen varicose axis-cylinders and 
acute inflammation in the tissues around. From a case of acute infantile poliomyelitis, in 
which death occurred fourteen days after onset. Specimen stained by Nissl methol. 250. 
(Archives of Neurology, Vol. i.) 


servers have described atrophy of the corresponding motor convolutions 
of the brain. Atrophy of anterior root-fibres must occur. Atrophy of 
the bones has also been found. 
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Landry’s paralysis (acute ascending paralysis): no definite lesion has 
been described ; it may be due to the effects of a toxin acting upon the 
central or peripheral nervous system. The absence of troubles of nutrition 
and sensibility points to the poison acting, like curare, especially upon 
the motor tract, and serves to distinguish the disease from acute myelitis 
(p. 524). 

CONGENITAL DEFECTS OF THE BRAIN. 


Only those defects associated with Congenital Hemiplegia, Diplegia, 
Epilepsy, and Imbecility will be here described (p. 22). 

Infantile paralysis of cerebral origin arises from a number of morbid 
conditions. Some are of vascular origin, some are due to inflammatory 
conditions, and some to arrested development. 

Morbid Anatomy.— Cysts, areas of sclerosis, or patches of softening, 
may be found, the result of embolism, thrombosis, or hemorrhage, usually 
meningeal. Porencephalon is generally congenital. It is a defect of 
the convolutions of variable extent, by which a cavity is formed, pene- 
trating a variable distance into the hemisphere, sometimes as far as the 
ventricles. The meninges are intact and present neither thickenings 
nor adhesions ; often the membranes are found adherent to the ependyma 
of the ventricles. The defect is generally limited to the area of some 
definite vascular supply. The convolutions around usually present a 
radiate appearance. 

Atrophy and Sclerosis—Groups of convolutions, an entire lobe, or 
the whole of a hemisphere may be wasted, and usually in such cases 
there is atrophy of the opposite half of the cerebellum. The mem- 
branes may appear normal; more often they are thickened and 
adherent. Sometimes there are little nodular projections all over the 
surface of the atrophied convolutions. Some of these cases may be 
the result of polio-encephalitis, others are due to thrombosis of veins. 
In both conditions multiple hemorrhages, atrophy of nervous tissue, 
and overgrowth of glia-tissue are found. 

Mention may also be made of a severe form of infantile paralysis of 
cerebral origin, associated with blindness, which affects members of the 
same family. It has been termed by Sachs, who described its path- 
ology, “amaurotic family idiocy.” It is a good example of hereditary 
failure of development (agenesis corticalis). 


TUMORS. 


Etiology—The cause of cerebral tumors is, as a rule, unknown, 
except those of syphilitic and tubercular origin, and the different 
varieties of parasitic cysts. Many are secondary deposits from growths 
elsewhere, or commence in the enclosing and supporting tissues of 
mesoblastic origin. There are, however, a number of tumors, of 
which glioma is the commonest, which commence in epiblastic struct- 
ures; and these, together with other primary forms, are due to 
developmental causes, as yet little understood. Cerebral tumor is not 
infreqrent : according to Starr, it is the cause of death in one case out 
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of every 120 examined upon the post-mortem table of hospitals. Tu- 
mor is met with most frequently in early and middle life; it is twice 
as frequent in males as in females, and of all the cases of cerebral 
tumor more than one-half are tubercular. Excepting syphilis and 


Fia. 308. 


Drawing from photograph showing hemiatrophy of the left hemisphere, from a case of congenital 
hemiplegia with epilepsy and imbecility. There was also atrophy of the right half of the 
cerebellum. It will be observed that the bone is correspondingly thickened where the bone 
is atrophied. The lesion was probably primarily in the anterior part of the optic thalamus. 


tuberculosis, the other forms of primary tumor may develop in ap- 
parently healthy persons, although frequently there is a history of a 
blow on the head, or local injury. It may be that the blow merely 
excites inflammatory change in the tissue around a growth which is 
more or less latent, e. g., a tubercular deposit. 
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(1) Gliomata (p. 95)—These growths do not necessarily destroy 
the brain-substance, for frequently the nerve-fibres, being merely 
pushed aside, retain their conducting power (Fig. 310). 


Fia. 309. 


Fibro-endotheliomatous tumor growing from the dura mater pressing on the frontal convolu- 
tions ; attended with no paralysis during life, nor were signs of intracranial pressure ob- 
served, probably owing to the very slow growth. Patient was subject to fits and was 
demented. 


(2) Sarcoma (p. 107) seldom arises in the substance of the central 
neryous system, being of mesoblastic origin. Primary sarcoma com- 
mences in the fibrous structures of surrounding tissues, for example, in 
the pia-arachnoid membranes, in the dura mater, in the periosteum of 
the cranial bones and vertebrze, and in the bones themselves, especially 
of the base of the skull. 

(3) Gummata (syphilis of the nervous system, p. 535). 

(4) Tubercular masses (p. 835).—These tumors are most frequently 
met with, according to Gowers, in (1) the cerebellum, (2) the cortex, 
and (3) the pons. They occur especially in children, and frequently 
give rise to hydrocephalus. 

(5) Carcinoma is nearly always secondary, and the primary growth 
is most frequently in the mammary gland; this form is multiple and 
grows rapidly. 

(6) Psammomata (p. 100) as a rule do not produce symptoms of intra- 
cranial pressure, although they give rise to convulsions when pressing 
upon the central convolutions. Many of these may be seen upon the 
post-mortem table in cases which were classed as epileptic dements in 
the asylums. The tumors are circumscribed and indent, but do not 
infiltrate the subjacent brain tissue, and are therefore quite capable of 
removal (Fig. 309). 

Parasitic cysts (echinococcus and cysticerci) (p. 237), cholesteatomata, 

34 
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angiosarcomata, angiomata, dermoid cysts, cysts of the choroid pleaus, 


and other growths—e. g., tumors of the hypophysis cerebri—are im rare | 
cases met with. The morbid anatomy of these tumors is described else-_ 


where. 
The pathological effects of tumors are (1) increased intracranial 


pressure upon all parts of the brain, producing compression of veins and 


Microphotograph of a section of glioma of the pons. 300, 


hydrops ventriculorum ; and (2) direct irritation or destruction of nerve- 
elements, causing loss or impairment of funetion. 
The general symptoms of tumor are headache, vomiting, vertigo, slow 


pulse, convulsions, stupor, and drowsiness, and, most important of all as — 


a means of diagnosis, optic neuritis. All these symptoms are probably 
due to increased intracranial pressure. Optic neuritis depends not so 
much upon the size and situation of the tumor, as upon the rapidity of 
its growth. There are three views as to the causation of optic neuritis, 
viz., (1) that it is due to irritation and inflammation of the sheath of the 
optic nerve, produced either by irritation arising from substances con- 
tained in the cerebrospinal fluid of the sheath of the optic never, or 
by direct extension of meningitis ; (2) that it is due to obstruction of 
the outflow of the venous blood from the ophthalmic vein owing to the 
increased pressure on the cavernous sinus ; but this theory of von Graefe 
has been discounted by the fact that a free anastomosis occurs between 
the ophthalmic and facial veins ; (3) that the intracranial pressure inter- 
feres with the return of lymph along the sheath of the optic nerve, caus- 


Noted 
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ing cedema and swelling of the dise. Gowers inclines to the opinion 
that a combination of causes may be in operation. No doubt simple 
stasis in the veins would soon be followed by exudation and migration 
of leucocytes, and all the appearances of inflammation might thereby be 
produced. In many cases of tumor an ampullary swelling has been 
observed where the sheath is weak at the entrance to the eyeball. 
Regional or focal symptoms are caused either by direct or indirect 
involvement of structures possessing particular functions. The morbid 
process may occasion phenomena of an iritative character, e. g.,a tumor 
situated in some part of the Rolandic region may produce unilateral con- 


vulsion : or it may be destructive, and produce loss of function (paralysis) 
(Fig. 302). 


Syringomyelia. 


This is a central gliosis of the spinal cord causing destruction of the 
gray matter and excavation. The usual seat is around the central canal 
in the peri-ependymal tissue, or behind the canal, in the gray substance 
of the posterior commissure (Fig. 321); thence it invades the anterior 
and posterior horns. It is usually a neoplastic formation, but according 
to Charcot it may arise from a central myelitis. The cause of this active 
growth of embryonic tissue is unknown. ‘The resulting symptoms are 
muscular wasting, and loss of sensation to heat and cold, and painful im- 
pressions, but preservation of sense of touch. This sensory dissociation 
is peculiarly characteristic of the disease, and goes to prove that Schiff 
was right in asserting that the gray matter conducts painful sensations, 
and the posterior columns tactile and muscular sense-impressions. The 
destruction of the anterior horns produces the muscular wasting, while 
that of the posterior horns the sensory disturbance, and, possibly, the 
trophic affections that often occur. Of course, the distribution of the 
motor, sensory, and trophic changes will depend entirely upon the seg- 
ments of the spinal cord affected. There may be unilateral destruction 
of the anterior and posterior horns of the same side ; and this has been 
found associated with motor paralysis and sensory disturbance of the same 


limb or side of the body. 


DISSEMINATED CEREBROSPINAL SCLEROSIS. 


Insular Sclerosis ; Multiple Sclerosis —This very obscure disease is 
chhracterized by varying symptoms due to the formation of islands of 
sclerosis scattered at random in the brain, spinal cord, and cranial nerves. 
It usually attacks healthy young adults of both sexes, and nearly always 
occurs between puberty and middle life. Many morbid influences have 
been associated with the disease, e. g., grief, worry, and overwork. As 
a considerable number of cases have followed an acute specific fever, it 
has been conjectured that the disease is the result of a toxin. 

Morbid Anatomy.—Scattered at random through the brain, spinal 
cord, and nerves are islets of sclerosis varying in size from a hemp-seed 
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to a walnut. The naked-eye appearance of these patches varies at dif- 
ferent stages of the disease. In the early stage, the morbid process only 
becomes apparent after the tissue has been hardened in Miiller’s fluid for 
a few days, and doubtless this may account for some of those cases which 
have been confounded with hysteria, owing to the absence of any recog- 
nizable lesion on the post-mortem table. In the advanced stage the 
islets closely resemble gliomata, and present a grayish gelatinous appear- 
ance, offering, therefore, a marked contrast to the surrounding white 
matter, in which they are usually situated. Occasionally the process 
extends to the gray matter of the cord and medulla, but very seldom to 
the cerebral cortex. The term sclerosis, however, is a misnomer, as the 


Fig. 311. 


Insular sclerosis. A small portion of the edge of an island of sclerosis. The section shows over- 
growth of the neuroglia-tissue at the expense of the white myelin-sheath. The neuroglia _ 
stains deeply with carmine. Numbers of black dots are observable in the neuroglia; these 
are sections of naked axis-cylinder-processes, their myelin-sheath having disappeared. 
There aresome empty spaces in the section, but these arein all probability accidental. x 180. 


patches are usually softer than the surrounding tissue. The patches of 
sclerosis are largest in the centrum ovale, but most abundant and smallest 
in the spinal cord, although in some cases they may extend in a fusi- 
form manner for a considerable distance. 

Eistology.—The islets consist of a feltwork of neuroglia, in the 
meshes of which are a greatly diminished number of nerve-fibres, pre- 
senting for the most part morbid appearances especially affecting the 
myelin-sheath ; at the edges of the patch a gradual transition into 
normal tissue can be observed. Where the process is seen in an early 
stage there are dilated vessels surrounded with leucocytes ; and it 
may be asked: Is this an inflammatory reaction due to a toxin in the 
blood, or is it only the reaction to injury of the myelin-sheath of the 
nerve-fibres? It has long been held that although the medullary 
sheath is undoubtedly absent, the axis-cylinders persist unchanged 
throughout the islet; only in this way can we account for the fact that 
as arule systemic degenerations are absent above and below the patches. 
But cases do occur in which the axis-cylinders also show well-marked 
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Pre. $12. 


A series of sections of the spinal cord. Drawn to scale from cases of (I.) disseminated sclerosis 
and (J1.) syringomyelia. Preparations and drawings made by A. F. Tredgold, Path, Lab, of 
the London County Asylum. 
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changes and in which they, as well as the sheath, are undoubtedly 
absent in the sclerosed area. The morbid process appears to begin 
in the myelin-sheath, which swells up and eventually disappears, its 
place being occupied by the proliferated neuroglia-tissue. When 
systemic degeneration occurs it is usually in the crossed pyramidal 
tracts that it commences. The characteristic rhythmical tremors upon 
intentional movements have been conjectured to be due to the absence 
of the myelin-sheath, so that voluntary impulses are not insulated in 
their passage along the pyramidal tract. 

Syphilitic disease of vessels may produce single or multiple patches 
of softening with secondary sclerosis ; but should these foci of disease 
be situated in the course of projection-systems secondary degeneration 
invariably results. 

Cerebral Aneurysm.—The causes of aneurysm of the cerebral arte- 
ries are the same as of aneurysm elsewhere—viz., syphilitic arteritis and 
atheroma, but besides them an even more important apparent factor is 
infective embolism. The arteries of the base are especially prone to be 
affected, and the size of the aneurysm may vary from a pea to that of 
a pigeon’s egg. The arteries of the left side are more often affected 
than the right, the carotid system more often than the vertebral. 
Rupture occurs in rather more than one-half of the cases ; the blood 
most frequently escapes into the membranes at the base of the brain. 
sometimes into the brain-substance or the ventricle (Fig. 303). 


SYPHILITIC DISEASE OF THE CENTRAL NERVOUS 
SYSTEM. 


Syphilis is one of the most important factors in the production of 
disease of the nervous system. The virus appears to act in two ways: 
(1) directly upon the bloodvessels, membranes, and connective tissues gen- 
erally, with secondary destructive changes in the nervous tissue—a true 
specific inflammation ; (2) by a direct influence upon the vitality and du- 
rability of the newrons themselves, producing systemic degenerative 
changes, of which tabes dorsalis and general paralysis are by far the most 
common and important, although many cases of epilepsy, idiocy, and 
imbecility are undoubtedly due to the syphilitic poison. These are 
spoken of frequently as parasyphilitic affections (Fournier), and are 
treated of elsewhere. A frequent result of the disease is an inflamma- 
tion of the arteries, especially about the base. The specific inflammation 
causes occlusion, either directly by the endarteritis produced, or more 
often by secondary thrombosis. Another very common result of syphilis 
is a local or general inflammation of the membranes (gummatous menin- 
gitis), and the formation of neoplastic deposits (syph ilomata) on the 
surface or in the substance of the brain. Each of these cerebral forms 
of this disease may produce most varied symptoms. Partial or com- 
plete occlusion of the vessels may cut off the blood-supply from various 
portions of the brain, causing softening (p.211) and loss of function 
(if there is complete occlusion), and disturbance of function, temporary 
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or permanent, according as there is compensatory supply of blood to 
the part by other vessels or not. 

Disease of the arteries may exist alone without any symptoms 
of cerebral irritation or increased intracranial presswre—conditions which 
are met with respectively in the next two varieties. When the mem- 
branes are affected by the inflammatory process the vessels are generally 
also affected, but not necessarily, so that we may have a combination 
of the effects of cerebral softening and vascular occlusion with cortical 
irritation or cranial nerve-paralysis from gummatous meningitis. The 
irritation-phenomena are pain in the head, worse at night, sometimes 
vomiting and convulsions, and other irritative symptoms, according 
to the situation of the lesion. Owing to the frequency with which the 
base of the brain is affected, paralysis of the cranial nerves is one of the 
most common results, a partial or complete paralysis of the motor oculi 
being present in a majority of the cases of cerebral syphilis. The men- 
mgitis, in severe cases, extends usually to the whole cerebrospinal azis. 

Syphilitic disease of the nervous system may manifest itself at any 
time from three months after infection to twenty-five or even more years. 
It was formerly believed that syphilitic brain-disease was essentially a 
tertiary lesion, but recent carefully recorded statistics show that it 
occurs with greatest frequency in the first or second year after infection, 
and that the frequency diminishes with each successive year. The 
determining causes of cerebral syphilis may be blows on the head, 
exposure to the sun, mental excitement, excesses “in Baccho et Venere,” 
chronic lead-poisoning, and lack or insufficiency of treatment. Brain- 
disease may also arise in congenital syphilis. 

Morbid Anatomy.—The virus of syphilis affects the mesoblastic 
structures of the brain, and produces a round-cell infiltration of the 
membranes, which may form a superficial colloidal or gelatinous layer, 
or a deposit in the form of a node or nodule, or multiple nodes or nodules ; 
and this round-cell infiltration may extend from the surface into the 
substance of the brain along the course of the vessels or into the 
fissures, filling them up with a gummy mass (Fig. 313). It is probable, 
as Wilks pointed out, that gummata do not begin primarily in the 
substance of the brain, but are extensions of the neoplastic formation 
from the surface along the vessels. The membranes thus affected 

appear thickened locally or generally, the condition depending upon 
‘the age of the process. If it is of recent origin, the inflammatory 
deposit may be soft and gelatinous, or grayish-red, or of a yellowish 
color; if of some standing, the inflammatory process may have gone 
on to the formation of scar-tissue. Should the granulation-tissue form 
a tumor on the surface or in the substance of the brain, a gumma as dis- 
tinguished from superficial gummatous meningitis occurs. Gummatous 
tumors may vary in size from a cherry-stone to a pigeon’s egg (p. 371). 

Gummata are particularly common about the base of the brain, in 
the neighborhood of the optie chiasma ; but they may occur in any part, 
and may even involve the dura mater and erode the skull, projecting 
through externally. 
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Naked-eye Appearance of the Arteries.—They present little grayish- 
white nodules on one side usually, so that, when cut across transversely, 
the nodules present a half-moon appearance. The vessels themselves 
feel stiff and cartilaginous between the fingers, and will not collapse on 
pressure. When there is universal arteritis, the vessels, small as well 
as large, appear opaque, dirty white in color, and their walls thickened, 
so that they can be cut easily transversely, owing to the resistance they 
offer. The vessels about the base are particularly liable to this inflam- 


HIG, 313; 
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Section of gummatous mass in Sylvian fissure, showing almost completely obliterated vessels 
recognizable as vessels only by the elastic coat. 70. (Archives of Newrology, vol. i.) 


matory change ; possibly it is due to the cerebrospinal fluid which exists 
there in abundance, and which possibly contains the toxin (Fig. 314). 

Microscopical Appearances.—Sy philitic arteritis (p. 376) is charac- 
terized by proliferation of the subendothelial cells. It generally affects 
one side of the vessel, but it may affect the whole of the intima. This 
endarteritis is frequently associated with a peri-arteritis. The inner coat 
is thickened, owing to a development of spindle-shaped and stellate 
cells. According to Heubner, these do not undergo caseous degenera- 
tion, and he distinguishes it thus from atheroma. There is actually 
nothing specific in the process, but it is strong presumptive evidence of 
syphilis when one finds a thickening of the intima which has not 
undergone caseation. When the arteritis is very acute a new forma- 
tion of capillaries in the intima may take place. 

Thrombosis of the diseased vessel is frequent ; subsequent organiza- 
tion of the clot may occur, and eventually the diseased vessel may be 
converted into a fibrous cord. 

Vascular rupture is rare, so also is the formation of aneurism. 
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Fig. 314. 


Transverse section of basilar artery, showing extreme endarteritis syphilitica, causing almost 
complete occlusion. 40. (Archives of Neurology, vol. i.) 


The important clinical result of endarteritis syphilitica is- cerebral 
softening. The arteriz fosse Sylvii are most frequently diseased ; so 
syphilitic softening of the brain is commoner in the region supplied by 
the middle cerebral arteries than elsewhere. 


CEREBRAL SOFTENING. 


Thrombosis and embolism are the most common causes of cerebral 
softening. 

Softening from Thrombosis——This is commonly the result of athero- 
matous, calcareous, or syphilitic changes in the cerebral arteries 
(p. 444). As a result of the interference with the supply of blood, 
the cerebral substance undergoes a more or less rapid process of necrosis 
(p. 29). (Fig. 315.) 

Thrombosis may also occur in the cerebral sinuses and veins. 
Thrombosis of a sinus may be primary (marasmic, p. 203), or it may 
be secondary either to (1) disease of some adjacent part, such as of the 
bone in inflammation of the middle ear; or (2) to extension of a 
thrombus along a vein—as in the case of the orbit—from an inflamed 
part to the sinus into which it opens, The result is great distention 
of all veins opening into the sinus, edema of the area whence they 
draw their blood, minute hemorrhages, especially in the vascular 
cortex, and softening from impaired nutrition (Fig. 316). 

Softening from Embolism.—The softening resulting from embolism 
is, for the most part, entirely dependent upon the obstruction to the 
circulation caused by the embolus and by the resulting thrombosis. It 
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is rapidly induced, and is often attended by the extravasation of blood 
in its neighborhood, when it constitutes one form of acute red softening. 
If the interference with the circulation be slight, and, there be no 
extravasation of blood, the softened portions are white in color. The 
vessel most frequently blocked is the middle cerebral artery ; and in 
the majority of cases it is that of the left side. In almost all cases in 


eee Se 


Cerebral softening of the anterior half of the internal capsule, due to syphilitic thrombosis, from 
a case diagnosed as epileptic dementia. There was only slight paresis of the right side, but 
epileptic fits indistinguishable during life from idiopathic epilepsy. 


which softening of the cerebral substance results from embolism it is 
due to arrest-of the embolus in one of the vessels beyond the circle of 
Willis, because here the circulation cannot be readily restored by the 
collateral vessels. ‘Softening, however, does not necessarily follow the 
blocking of a cortical artery, for communication between these branches 
is freer than is often supposed (Fig. 316). 

; It is a matter of considerable importance whether the detached 
fragment which gives rise to embolism carries infective organisms. 
It it does, not only is the vessel blocked by the embolus, but an 
infective inflammation of the arterial wall at the seat of obstruction 
occurs, with softening of the coats (p. 548), and formation of an 
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aneurism, which may subsequently burst ; so that a patient suffering 
from ulcerative endocarditis may die from hemorrhage a short time 
after embolism of a cerebral artery. 


Fie. 316. 


Photograph of brain showing area of softening around the left Sylvian fossa, due to embolism. 
Case of Dr. Ormerod’s. Patient two years before her death had a fit, became paralyzed on 
the right side; could not speak, but could understand everything; lost sight of the left eye. 
Eighteen months later had right hemiplegia, word-blindness, motor aphasia, no word-deaf- 

— ness; owing probably to collateral circulation by the anterior cerebral, the upper part of the 
central convolutions is not destroyed, therefore the hemiplegia was due to softening of the 
internal capsule. (F. Batten.) 


Morbid Anatomy.—The results of embolism and thrombosis are 
essentially the same—the arterial blood-supply is cut off, and there is 
anemia of the area supplied by the artery. For the first twenty-four 
hours there is only a slight change in the appearance and consistence of 


Fie. 317. 


Photograph of the cortex cerebri showing red softening due to thrombosis of the great anasto- 
matic vein extending into the longitudinal sinus. The gray matter is deeply stained owing 
to effused blood, and vascular puncta in places can be seen; in one spot in the white matter 
it is especially the cortical gray matter which is affected. 


the part, although the neurons may show microscopically well-marked 
histochemical changes. The affected area has generally a pale appear- 
ance; sometimes the capillaries may become distended by a backward 
flow of blood from the veins, and, giving way, produce small hemor- 
rhages into the perivascular lymphatics. Later on the tissue breaks 
down and softens, owing to imbibition of cerebrospinal and _ serous 
fluids by the dead tissues. When very little blood returns from the 
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veins to the capillaries the area of softening remains white ; it is red 
when blood does return from the veins, especially when the walls of the 
capillaries give way, allowing the red corpuscles to escape. 


Fia. 318. 


a 
Cerebral aneurisms. Miliary (right); dissecting (left). > 10. (After Obersteiner.) 


Since the gray matter is far more vascular than the white, red soften- 
ing is generally seen in the cortex and basal ganglia. Yellow softening 
is merely a later stage of the red, owing to alterations in the blood- 
pigment. 

Microscopically, the softened mass consists of myelin-drops, swollen 
and degenerated nerve-fibres, altered nerve-cells, and granular corpuscles 
of Gliige with free fat-granules. These granular corpuscles, which may 
measure as much as 30 y in diameter, are leucocytes distended with fatty 
débris. If the circulation be re-established within a short time, the 
nervous structures do not necessarily die ; but regeneration is impossible 
if necrosis has commenced. Resorption of the dead tissue is gradually 
brought about, with eventual formation of a cyst. If the area is small, 
a scar of fibrous tissue may be the sole indication of the destruction that 
has taken place. The convolutions of the cortex may sometimes be seen 
atrophied and sclerotic, especially in senile atheroma ; and on tearing off 
the thickened pia-arachnoid they present little erosions of a rusty yellow 
color. Sometimes portions of the convolutions, or even a whole lobe, 
may have entirely disappeared, and the space be occupied by a serous 
fluid enclosed by the thickened pia-arachnoid membrane. 


CEREBRAL HEMORRHAGE. 


Cerebral hemorrhage is the most frequent cause of hemiplegia in 
subjects who have passed forty ; and, according to Gowers, it seldom 
occurs under that age, unless Bright’s disease or aneurism exists; the 
latter produced by infective embolism, and subsequent infective inflam- 
mation of the walls of the artery, which may eventually lead to its rupt- 
ure. The association of granular contracted, or gouty, kidney with 
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apoplexy has long been recognized. Charcot showed that in most cases 
of hemorrhage minute miliary aneurisms, varying in size from +}7 in. to 
zs in., existed on the small vessels entering the substance of the brain ; 
they are round or spindle-shaped, and are caused by degenerative changes 
in tue intima, associated with degenerative changes and atrophy of the 
media. Miliary aneurisms are found with relative frequency in those 
regions where hemorrhage is most generally met with. There is, how- 
ever, one artery in particular, the left lenticulostriate artery, which 


Fig. 319. 


Hemorrhage into pons Varolii, from a case of chronic Bright’s disease with miliary aneurisms, 
one of which had ruptured into the upper part of the pons, giving rise during life to alter- 
nate hemiplegia. The pons, lower part (a), upper part (b), is seen cut transversely to show 
the hemorrhage. 


is especially liable to disease and rupture, and which has therefore been 
called “the artery of hemorrhage” (Fig. 320). In Bright’s disease 
there is high arterial tension, due to hypertrophy of the left ventricle 
and increased peripheral resistance (p. 491). The small arteries which 
supply the basal ganglia come off directly at right angles from the large 
arteries at the base of the brain—they are terminal arteries, and, like 
all the intracerebral vessels, they are not supported by the substance of 
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the brain, being surrounded by a perivascular lymphatic sheath. Prob- 
ably these facts explain the frequency of hemorrhage in this situation. 


Fie. 320. 
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Diagram to show the distribution of the lenticulostriate arteries, coming off from the middle 
cerebral, rupture of an aneurism on one of which is the frequent cause of apoplexy. It will 
be seen that as the blood effuses and lacerates the brain-tissue to escape into the lateral yen- 


tricle it will destroy successively the axons of the cortical pyramidal neurons as they descend 


downward to the motor nuclei in the pons, medulla, and cord, giving rise thereby to hemi- 
plegia. 


Hemorrhage may occur in the cortex, pons, cerebellum, centr 


um ovale, 
peduncles, and medulla oblongata (Fig. 319), 
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Other conditions which predispose to cerebral eprerees are plumb- 
ism, alcoholism, syphilis, and inherited tendency to arterial disease. It 
may occur also in tumors. In children meningeal hemorrhage may occur, 
and a frequent cause of birth palsies is rupture of a vessel (usually a 
vein) during parturition. Subpial, subarachnoid, and subdural hem- 

orrhage is frequently seen in general paralysis and senile dementia. 
Cerebral or meningeal hemorrhage may occur in various blood-diseases. 
Primary ventricular hemorrhage occurs in rare instances from rupture 
of a vessel of the choroid plexus or velum interpositum. 

The effects produced by hemorrhage depend upon its situation and 
size ; the most frequent seat is the anterior part of the opto-striate mass 
in the external capsule ; but when paralysis occurs, as it usually does, 
the cause is damage of the pyramidal fibres of the hinder limb of the 
internal capsule. If the lesion be not severe enough to cause death, 
various changes occur in the effused blood and damaged nerve-tissues. 
For the first few days the clot fills the whole cavity, and does not undergo 
shrinking ; then a eranulo- fatty degeneration takes place, with absorp- 
tion of the products. In recent cases the effused blood is darker in 
color, generally clotted, and often mingled with lacerated brain-substance. 
As changes take place in the blood the color alters first to a chocolate- 
brown and later to a brownish-yellow. The hemorrhage is usually single, 
but when small there may be more than one; sometimes evidence of a 
previous hemorrhage is found in another region, in the form of a cyst 
with orange-yellow staining of the walls and adjacent brain-substance ; 
or there may be a scar of connective tissue. 

In severe cases of hemorrhage causing death, irruption of blood 
may not only take place into the lateral ventricle of the same side, but 
also through the foramen of Munro into the opposite lateral ventricle. 
Occasionally, it may find its way from the third ventricle through the 
aqueduct of Sylvius into the fourth ventricle ; and in rare cases, thence 
through the foramen of Magendie into the subarachnoid space. 

Microscopical examination reveals blood and degenerated nervous 
tissue, fibres with their myelin-sheath breaking up, granulation cor- 
puscles, degenerated cells, and phagocytes containing product s of degen- 

eration. If the hemorrhage i is more than a few weeks old, hematoidin- 
erystals will be found. 


SECONDARY SYSTEMIC DEGENERATIONS. 


As a result of destruction of brain-substance, secondary degenera- 
tions arise, the most characteristic of which is the secondary descending 
degeneration arising from destruction of the pyramidal cells of the motor 
area, or of their fibres in the anterior two-thirds of the posterior half 
of the internal capsule, such as occurs in cerebral hemorrhage. A similar 
degeneration may arise as a result of softening due to embolism or 
thrombosis of the middle cerebral artery or its branches ; ; by meningeal 
hemorrhage and tumors, or, in fact, by any lesion which causes destruc- 
tion of the pyramidal cells of the cortex of the central convolutions, or 
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which cuts off the connection of the nerve-fibres from the cells of which 
they are the outgrowths (Fig. 320). 

As a rule, cerebral lesions leading to secondary degenerations are 
unilateral, and spinal are bilateral. In the former, only one set of 
pyramidal fibres is degenerated in the spinal cord—viz., those proceed- 
ing from one hemisphere by the internal capsule, the middle portion of 
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Diagram to illustrate the sensori-motor neurons concerned in conscious voluntary movement 


the crus cerebri, the pons and the medulla, where the greater number 
decussate in the anterior pyramid to form the crossed pyramidal tract 
of the opposite side ; some (about one-tenth) pass in the direct tract 
down the cord, decussating at lower levels. 

Secondary degenerations arising from lesions of the spinal cord are, 
in nearly all cases, bilateral, and affect not only the descending tracts, 
which have their centres of nutrition in the cortex cerebri, but also the 


ascending tracts, which have their centres of nutrition in the posterior 
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spinal ganglia and gray matter of the cord. The ascending and 
descending ground fibres, which unite the different segments of the 
crus, pons, medulla, and cord together in 

co-ordinate reflex action, degenerate both Fra, 322. 

above and below the lesion for a variable 
distance ; and, besides, there are tio tracts 
in the posterior column, which degenerate 
downward in transverse lesions of the cord 
in the dorsal region ; they are termed, re- 
spectively, the comma-shaped tract, and 
the median oval area of Flechsig. 

The ascending degenerations come un- 
der two classes. 

(1) In the Posterior Column.—Short, 
medium, and long coursing fibres, having 
their origin in the central portion of the 
T-shaped process of the posterior spinal 
ganglion-cells. 

The short fibres form Lissauer’s tract, 
at the base of the posterior horn; the 
medium fibres enter the postero-external 
column, and, after a short course, disap- 
pear in the gray matter; and the long 
fibres, after entering the posterior column, 
are directed backward and toward the 
median line to form the posterior median 
(Goll’s) column. Secondary degeneration 
limited to the posterior column indicates 


Descending degeneration in the py- 


a root-lesion, such as from tumor of the pom e ch lowine hemorrhage 

cauda equina, or injury of posterior spinal into the internal capsule. The di- 
- (Fi 29] . rect tract is well marked and is 

roots lg. v4 )- 3 represented at a lower level than it 
(2) In the Anterolateral Column.— is usually seen. 


There are three sets of fibres occu- 

pying the periphery. They all arise from cells in the gray matter. 
One tract, consisting of large fibres derived from the cells of Clarke’s 
column, is termed the direct or dorsal cerebellar tract. Another, con- 
sisting of two sets of fibres, in all probability arising from cells of the 
gray matter of the opposite horns, the decussation taking place in the 
anterior commissure, has several names—viz., Gowers’s tract, antero- 
lateral tract, and ventral cerebellar tract, because most of the fibres can 
be traced by a curious course to the middle lobe of the cerebellum. 
The less numerous fibres enter into the fillet, and probably end at the 
corpora quadrigemina. 

At one time it was thought that all sensory impulses, except those 
of the muscular sense, decussated immediately on reaching the cord, 
and this view was held because in most cases of hemilesion of the 
spinal cord a group of symptoms occurs termed Brown-Séquard paraly- 
sis, which briefly is hypereesthesia and paralysis on the side of the lesion, 
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and ancesthesia on the side opposite to it. Latterly Brown-Séquard gave 
up the theory of immediate decussation of sensory impulses, but main- 
tained justly that as a means of diagnosis the Brown-Séquard phenome- 


Fic. 3238. 


The ascending tracts of degeneration in the cervical enlargement after experimental hemisec- 
tion of the spinal cord in the mid-dorsal region. The section shows well-marked degenera- 
tion of Goll’s column, of the direct cerebellar tract and of the anterolateral tracts on the 
same side as the lesion. 


non was most valuable. Hemisection of the spinal cord in monkeys 
and other animals is followed by paralysis on the side of the lesion, but 
most recent observers have been unable to find either hyperzsthesia of 
the same side or anesthesia of the opposide side (Fig. 323). 


Fig. 324. 


Cal 


Photograph of a local gummatous syphilitic meningitis which caused paraplegia. This, how- 
ever, must be distinguished from the meningomyelitis described by Erb as occurring 
frequently in the late secondary stage of syphilis which is not of a gummatous nature. Note 
the thick-walled vessels. The patient was a young woman who died with obscure symp- 
toms which somewhat resembled disseminated sclerosis of the spinal type. Post-mortem it 
was found that she had multiple syphilitic lesions of the brain and cord. X10, 


The common causes of ascending and descending secondary degen- 
erations of the spinal cord are focal lesions produced by fracture of the 
bones ; fracture, dislocation (Fig. 325), pachymeningitis in Pott’s dis- 
ease, meningitis, and tumors, all of which cause a focal transverse 
myelitis (Fig. 324). 
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Fig. 325. 


A series of sections of the spinal cord. Drawn to scale from cases of (I.) tabes dorsalis and 
(IL) transverse lesion, due to fractured spine. In the former the degeneration is limited 
to the exogenous tracts of the posterior columns of the spinal cord; in the latter there is 
ascending degeneration above and descending below the lesion. Preparations and drawings 
made by A. F. Tredgold, Path. Lab. London County Asylums. 
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PRIMARY SYSTEMIC DEGENERATIONS. 


Primary systemic degenerations may affect either the afferent sen- 
sory paths or the efferent motor paths, and not infrequently the two 


combined. 


I. DEGENERATION OF AFFERENT TRACTS. 


Locomotor Ataxy, or Tabes Dorsalis. 


‘Tabes dorsalis is a primary progressive degeneration of the first 
afferent (sensory) projection systems of neurons, by which peripheral 


dorsal segment from a case of loco- 
motor ataxy. There is sclerosis of 
the postero-external column and 
atrophy of the fine plexus of nerve- 
fibrils surrounding the cells of 
Clarke’s column ; moreover, a band 
of sclerosis is seen entering the 
column instead of the bundie of 
nerve-fibres. The cells themselves 
are atrophied and their processes 
destroyed. The patient had well- 
marked visceral symptoms—gastric 
crises, bladder-troubles, and laryn- 
geal crises—in addition to the ordi- 
nary ataxic symptoms. » 100 di- 
ameters. 


atrophy of the optie nerve. 
exhibit degenerative changes. 


sensations are cut off from various parts 
of the central nervous system ; the com- 
monest and most obvious anatomical 
change being degeneration of the posterior 
spinal roots and the posterior columns of 
the spinal cord. The clinical phenomena 
characteristic of this disease depend upon 
the systems of neurons which are under- 
going degeneration, and on the extent, 
as well as on the rapidity, of the process. 


Morbid Anatomy.—The pia-arach- 
noid is thickened over the posterior sur- 
face of the cord, which is flattened, and 
presents a grayish or grayish-red aspect ; 
moreover, the posterior roots are thin, 
flattened, and atrophied, although the 
degree of wasting is not necessarily uni- 
form ; they also present a gray appearance 
like the posterior surface of the cord. 
The cord, cut transversely, shows degen- 
eration limited to the posterior columns, 
which are considerably shrunken, and 
of a grayish or grayish-red color, con- 
trasting strongly with the white antero- 
lateral columns. This degeneration is 
usually much more obvious and advanced 
in the lumbo-sacral region ; likewise the 
posterior roots entering in the formation 
of the cauda equina are, as a rule, atro- 
phied to a greater degree than elsewhere. 

The degenerative process is not limited 
to the afferent spinal projection-systems ; 
various cranial nerves may be degener- 
ated, and especially characteristic is gray 
The peripheral nerves in many cases 
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The degeneration of the posterior columns of the spinal cord is a sys- 
tem-degeneration of exogenous origin precisely similar in anatomical dis- 
tribution to that produced by section of the posterior roots ; or, in the case 
of the lumbosacral region, to that produced by a tumor of the roots 
of the cauda equina. The fibres of the posterior columns are derived 
from two sources: (1) Exogenous central projections of the T-shaped 
processes of the nerve-cells of the posterior spinal ganglia; (2) endo- 
genous projections from cells of the gray matter of the cord : the former 
are degenerated in tabes, the latter are not ; consequently in the lower 
lumbar region of the cord a small oval area of undegenerated fibres 
may be seen, even in advanced tabes, occupying the median portion of 
the posterior column, also a tract of fibres, the cornu commissural (Fig. 
325). Now, it is impossible to conceive that vascular changes, or im- 
paired nutrition owing to an insufficient supply of blood, could produce 
in such a small area as the posterior columns of the spinal cord a 
degeneration of the fibres of exogenous origin, sparing those of endo- 
genous origin and the adjacent fibres of the lateral column. Neither 
ean we believe that the overgrowth of neuroglia-tissue at the expense 
of the noble elements is anything more than secondary and proportional 
to the parenchymatous degeneration. 

A poison long present in the system can so lower the vitality of the 
cells of the body as to induce premature decay. In a majority of the 
eases of tabes there is a history of syphilis; it is probable that this 
toxin produces the decay of the posterior spinal neurons. 

The changes in the cord are usually more or less symmetrical ; but 
the posterior roots are not always equally affected, and the localization 
and extent of the spinal degeneration will vary accordingly (Fig. 328). 
As a rule the lumbar roots are first affected ; but in rare cases the mis- 
chief may begin in the cervical region and leave the lumbosacral intact. 
Such cases are termed “arm tabes.” Visual defects and blindness are 
not at all uncommon, due to a gray degeneration of the optic nerve. 
The cranial nerves and their nuclei may also be affected. 

Certain tracts in the posterior column degenerate earlier than others. 
Charcot’s voot-zone is very early the seat of degeneration. The fibres 
of Goll’s column are nearly always degenerated. The zones of Lis- 
sauer—the fine fibres which form a cap to the extremity of the posterior 
horn, extending a short distance along the external and internal borders 
of it—degenerate and disappear in the early stages of tabes. Another , 
situation in which early degeneration is said to occur is the terminal 
arborization of the root-fibres around the cells of Clarke’s column. 
Certain groups of fibres enjoy a particular immunity, and can be seen 
intact when all the rest of the posterior column is sclerosed : («) the 
median oval area of Flechsig ; (6) cornu commissural bundle ; (¢) the 
posterior internal triangle; but this group does not offer the same 
resistance as the other two, which are certainly of endogenous origin. 
The situations of the degenerations are indicated in Figs. 325, 326, 
and. 327. 

Changes are very often present in the cutaneous nerves, and in 
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long-standing cases a portion of the muscular nerves is sclerosed. 
Tn cases exhibiting bone disease the nerves supplying the bone have 
been found degenerated, and, in the neighborhood of a perforating 
ulcer and similar trovhic disturbances; extensive degeneration of the 


Fia. 327; 


Photomicrograph of section of lumbar enlargement of spinal cord in a case of very advanced 
tabes, showing extreme sclerosis of the posterior columns. There is complete atrophy of all 
the fibres except in the median oval area of Flechsig. X 10. 


nerves has been observed. The degeneration of the nerves is more 
marked at the periphery, and the nearer centrally the nerve is examined 
the fewer degenerated fibres are there found. Slight changes in the 
cerebral cortex have been described, corresponding to those of general 
paralysis, but less in degree. 

The Nature of the Degeneration. Microscopical examination of the 
spinal cord shows the myelin-sheath of the nerve-fibres diminished or 
destroyed ; the axis-cylinder-process may be swollen in one place, 
attenuated in another, and generally irregular i in thickness or completely 
atrophied ; the neuroglia is increased at the expense of the parenchyma, 
and there are a large number of Deiters’s cells visible. Nearly the 
whole of the posterior columns in the lumbosacral region may be 
destroyed, leaving only the cornu-commissural and oval areas of endo- 
genous fibres. The vessels are often thickened in the sclerosed area, 
and not elsewhere; this change is secondary to the degeneration and 
not causal. The walls of the arteries are often thickened, and there is 
hyaline degeneration of the media ; sometimes the vessels are so much 
thickened by this degenerative process as to become almost obliterated, 
especially when the sclerosis is advanced. The pia-arachnoid mem- 
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brane is also thickened, and often presents the appearances of chronic 
inflammation. By some authorities this meningeal thickening about 
the entrance of the posterior roots has been considered to have a causal 
relation to the atrophy of the fibres in the cord. That tabes is a wide- 


Fig .328. 


Ke 
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Photomicrograph of section of anterior and posterior root close to the ganglion, showing the 
small anterior root with medullated fibres normal, and the seclerosed posterior root much 
larger in size, but almost denuded of medullated fibres: there is, however, a great over- 
growth of fibrous tissue around and between the constituent bundles. x 30, 


spread process of degeneration, primary in origin, and not secondary to 
vascular change or meningitis, is shown by the fact that the vessels of 
the retina are unaltered, even in advanced gray atrophy. 

As a rule, changes in the posterior spinal ganglion-cells are not 
obyious, but they may be shrunken and pigmented, and exhibit 
chromolytic changes in advanced cases. 


Pathology.—Reference to the diagram (Fig. 321) will help to ex- 
plain some of the phenomena of ‘tabes, namely, the diminution of tonus 
in the muscles, the inco-ordination, the absence of the knee-jerk, the 
ataxie gait, Romberg’s symptom, and the various disturbances of 
sensation. 

The afferent system of neurons conveys sensations from the skin, 
the muscles, tendons, and joints, and these sensations travel by three 
sets of fibres: (1) Short, forming the spinal reflex are; (2) Medium 
length fibres, which break up into a brushwork around the cells of 
Clarke’s column, the axis-cylinder processes of which form the direct 
cerebellar tract ; (3) Long fibres, which form Goll’s column and break 
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up into a terminal arborization around the cells of the nucleus gracilis. . 


There are thus three nervous circles—spinal reflex, cerebellar, and cerebral 
—all of which, in tabes, are more or less interrupted by the degenera- 
tion of the fibres in the posterior column. The true motor neuron, 
which controls the muscle, is situated in the anterior horn. We know 
that in tabes this is unaffected, therefore the muscle does not waste ; 
nor is there, except in the late stages, any paralysis or loss of strength 
of voluntary movement, but inco-ordination and a loss of tonus. This 
is due, like the loss of myotatic irritability and the consequent absence 
of the knee-jerk, to the break in the reflex spinal are occasioned by 
the degeneration of the spinal roots and of those fibres which run for- 
ward through the root and the base of the posterior horn, terminating 
in an arborization around the anterior horn cells. By this degenera- 
tion the motor neurons in tabes are deprived of the normal stimuli 
which serve to maintain the reflex spinal tonus and myotatic irritability. 

For the maintenance of bodily equilibrium in the erect posture 
while standing or during the successive changes that occur in the trunk 
and limbs in progression, a proper adjustment in the contraction of 
correlative antagonistic muscles is necessary. In standing erect the 
joints are fixed by the tonie contraction of the antagonistic muscles of 
the lower limbs. The motor neurons of the anterior horn which preside 
over the muscles are excited by impulses from the periphery. Unequal 
and imperfect transmission of sensory impulses will lead to unequal and 
imperfect excitation of those motor ueurons, and to a corresponding 
unequal and imperfect innervation of the muscles whereby their normal 
equable tonic contraction is disturbed and lowered. Seeing that in tabes 
there is a progressive degeneration of the afferent spinal neurons, we 
can easily understand that there will be a progressively lowered and 
unequal tonus in the muscles. 

Again, the degeneration of the fine plexus around the cells of 
Clarke’s column, met with early in the disease, is sufficient to explain 
the loss of power of balancing the body when the basis of support is 
narrowed by placing the feet together or standing on one foot, even 
though there is no pareesthesia of the soles of the feet. Reference to 
Fig. 321 shows that atrophy of this fine plexus leads to interruption of 
the sensory afferent impulses to the cerebellum, and puts this organ, 
which is concerned in maintaining bodily equilibrium in the erect 
posture, at a great disadvantage. On closing the eyes another guiding 
sensation is removed and the instability is increased. ; 

The lightning pains may be explained by the degeneration of the 
root-fibres ; but the paroxysmal character is difficult to understand. 
The partial anesthesia may be accounted for by the partial degenera- 
tion of the roots. Sherrington has shown that at least three roots 
overlap one another in a skin area, and in order to produce complete 
loss of sensation in a part all three roots must be divided. If there is 
pronounced analgesia or anzesthesia, the peripheral nerves are probably 
affected. With regard to the visceral crises nothing is definitely known. 

The Argyll-Robertson pupil is the most constant objective symptom 
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Fig. 329. 


A series of sections of the spinal cord. Drawn to scale from cases of (I.) amyotrophic lateral 
sclerosis and (II.) combined sclerosis of grave anemia. In the former there is atrophy of 
the anterior horn-cells and degeneration of the direct and crossed pyramidal tracts; in the 
latter there is degeneration of all the long afferent and efferent tracts of the cord. Prepara- 
tion and drawings made by A, F. Tredgold, Path. Lab. London County Asylums. 
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of tabes, as it is of general paralysis. No very definite anatomical 
facts have been brought forward to explain this remarkable phenomenon ; 
but it is asserted that it is due to a break in the junction between the 
terminal arborization of optic nerve fibres in the corpora quadrigemina 
and the dendrites of the sphincter iridis nucleus. 


Friedreich’s Disease. 


Friedreich’s disease, or hereditary ataxy, is a rare disease affecting 
several members of the same family, the great majority of cases begin- 
ning between the fifth and fifteenth years. It is unconnected with 
hereditary syphilis. 

Morbid Anatomy.—There are degenerative atrophy and sclerosis of 
the posterior colunins and posterior roots, but less marked than in tabes ; 
in addition the Jateral columns are affected. Frequently there is atrophy 
of the cells of Clarke’s column and sclerosis of the direct cerebellar 
tracts. Lissauer’s tracts, which are always affected in tabes, are in this 
disease usually unchanged. The affection of the cerebellar tracts is of 
interest in connection with the typical reeling gait. 


Combined Scleroses. 


Ataxie paraplegia is a disease in which there is a combination of the 
symptoms of lateral sclerosis and of ataxy. Little or nothing is known 
as to the cause of the disease. 

Morbid Anatomy.—The appearances of degenerative atrophy in the 
posterior columns of the cord closely resemble those of tabes ; but the 
lateral columns are also affected, especially the crossed pyramidal tracts. 
The combined sclerosis in these regions quite accounts for the combina- 
tion of symptoms peculiar to this disease. There is usually no history 
of syphilis, and the Argyll-Robertson pupil is, as a rule, absent. 

In pellagra, pernicious anemia, and certain grave forms of anemia 
a degenerative atrophy and sclerosis of the posterior and lateral columns 
may occur. All the long tracts of the spinal cord may be affected 


(Fig. 329). 


II. DEGENERATION OF EFFERENT TRACTS. 


Primary Lateral Sclerosis. 


Primary lateral sclerosis-termed “idiopathic” when there is no 
local disease affecting the path of the pyramidal fibres from the cortex 
—is in all probability due either to a process of softening from vascular 
occlusion or to retrogressive nutritional changes in the cells of the cortex 
of the motor area by which the pyramidal tracts degenerate. 

Progressive muscular atrophy and amyotrophic lateral sclerosis are 
probably one and the same disease. In the former, the more common, 
the degeneration commences in the lower segment of the motor path, 
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and the primary change is in the anterior horn-cells (Figs. 330 and 331); 
but sooner or later the upper pyramidal segment of the motor path is 
affected. 


Fie. 330. Fre. 331- 


Anterior cornu from a case of poliomyelitis, showing atrophy of the ganglion-cells. For com- 
parison the appearance of a healthy anterior cornu is shown. The small black triangles 
represent the cells as they appear under a low magnification. 


Morbid Anatomy.—- Examination of the spinal cord exhibits degen- 
erative atrophy and sclerosis of the crossed pyramidal tracts and the 
anterior root-zones (Figs. 8329-333). The gray matter of the anterior 
horns is wasted and greatly deficient in fibres and cells. The large 
multipolar cells that remain are shrunken, and their processes broken 


Photomicrograph of a section of the cervical spinal cord from a case of amyotrophie lateral 
sclerosis. Degeneration of the crossed pyramidal and direct tracts and the anterolateral 
ground-fibres. The direct cerebellar tracts, the anterolateral ascending tracts, and especially 
the posterior column, are unaffected. There was almost complete absence of cells and fine 
nerve-fibre reticulum in the anterior horns; this is observable by the difference in color as 
compared with the posterior horns. 


off: in some cases only a little mass of pigment remains, The glia- 
tissue is increased, and Deiters’s cells are very numerous. The regions 
of the cord affected vary in different types of cases, e. gy., when the 
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small muscles of the hand are atrophied the anterior horns are atrophied 
in the lower cervical and upper dorsal regions. In the amyotrophic 
form the process commences in the upper pyramidal segment of the 
motor path. There are, therefore, exaggerated deep reflexes, accom- 


Fria, 333. 


The same as previous figure, except that the section is of the seventh to eighth dorsal segments. 
The pyramidal tracts are sclerosed, and there is considerable degeneration in the intermedio- 
lateral tract. 


panied or followed by a progressive and characteristic wasting of groups 
of muscles, owing to degeneration of the anterior horn (Figs. 330 and 


Drawing of a section of a fasciculus of the ulnar nerve from the same case, with atrophy of a 
great number of fibres, stained with osmic acid. For account of the case from which these 
specimens were taken, vide Brain, vol. i. 1895. 


331). The peripheral nerve-fibres corresponding to the atrophied 
spinal motor neurons are atrophied (Fig. 334). The muscles are much 
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wasted, and in extreme cases can hardly be distinguished from the 
surrounding fat; but in slight cases they are only pale. Examined 
microscopically, the fibres are seen to have lost their striation, and many 
show fatty degeneration. 

These cases of amyotrophic lateral sclerosis strongly support the view 
that there may be a primary retrogressive nutritional change in the neu- 
rons, followed by a progressive wasting of the axons, commencing at the 
terminals, and gradually spreading up the pyramidal tracts ; because in 
some cases the degeneration has been found to extend only as high as 
the medulla, in others to the pons or crus; while in others, again, the 
internal capsule and the cortex have been affected. Bulbar paralysis 
is the same disease as progressive muscular atrophy, and is due to a de- 
generation affecting the motor nuclei of the medulla, particularly a group 
of cells known as the glosso-labio-laryngeal nucleus. It often forms 
the final stage of progressive muscular atrophy. 


PRIMARY PROGRESSIVE MYOPATHIES. 


The etiology of this group of muscular atrophies is still obscure. 
Heredity plays a prominent part, especially through the maternal side. 
No definite pathological lesion of the central nervous system has been 
observed, and the disease is said to be a primary atrophy of the muscle- 
fibres. Pseudohypertrophic paralysis (p. 148), and Erb’s juvenile paral- 
ysis are best known types. 


GENERAL PARALYSIS OF THE INSANE. 


Etiology.—General paralysis has increased rapidly of late years, 
and is probably one effect of syphilization and civilization. It is a dis- 
ease of large cities and towns, so is syphilis ; men are affected much more 
often than women. The disease has been ascribed to alcohol, but in 
countries where intemperance is rife yet syphilis absent, general paralysis 
is unknown—e. g., rural districts of Ireland and Sweden. 

The writer has found a history of syphilis and signs of syphilis much 
more frequently in general paralysis than in other classes of mental dis- 
ease. Kraft Ebing has shown that eight general paralytics, who exhib- 
ited no external signs of syphilis, possessed an immunity to the disease, 
for they could not be inoculated with the virus. 

One of the strongest arguments in favor of the view that syphilis is 
the factor of all others which causes general paralysis is the existence of 
a juvenile form, occurring in the subjects of congenital syphilis, twenty- 
five typical cases of which have come under the writer’s notice. Other 
factors, such as worry, anxiety, mental strain and overwork, sexual ex- 
cesses, alcoholism, blows on the head, sunstroke, and continual mental 
excitement, act as predisposing or exciting causes. Heredity plays a 
less important part in this disease than in other forms of insanity. The 
etiology of general paralysis and tabes is very similar. 
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Age and Sex.—It affects especially men in the prime of life, in the 
thirties—the average age of death is 40. It is rare after 50; it may 
commence (excluding the juvenile form) at 25; but the most common 
period is between 30 and 40. The disease runs a slower course in 
women. 


Morbid Anatomy.—The dura mater is often found thickened and 
adherent. Upon opening the dura mater there is obvious atrophy of 
the brain, especially of the frontal and central convolutions, with thick- 
ening and opacity of the pia-arachnoid ; the sulci present an opalescent, 
gelatinous appearance, due to the cerebrospinal fluid beneath the thick- 
ened membranes. On removing the brain it will be noticed that there 
is a great excess of cerebrospinal fluid. The weight of the organ may 
be diminished one-third in extreme cases. The lateral ventricles are 
greatly dilated, owing to the atrophy ; the atrophy affects especially the 
hemispheres, and the ependyma of all the ventricles, especially the fourth, 
is thickened and granular. If the membranes be stripped from the 


Fia. 335. 


Photograph of brain of advanced general paralysis. The membranes have been stripped off. 
The atrophy of the frontal and central convolutions is very evident, as shown by their small 
size and the depth and width of the sulci. 


hemispheres, it will be observed that, especially in the frontal region, 
the brain-substance tears away with the membranes, leaving a charac- 
teristic worm-eaten appearance (Figs. 335 and 336). The atrophy 
also affects, but to a less degree, the spinal cord; and there may be 
obvious naked-eye systemic degeneration, the commonest form of which 
is similar to that of tabes, although, when examined microscopically, it 
is generally found that the pyramidal tracts are degenerated. Hemor- 
rhagic pachymeningitis is not uncommon. 

Microscopical examination of portions of the brain stained by Nissl’s 
method shows marked thickening of the pia-arachnoid and an over- 
growth of the neuroglia-tissue, at the expense of the nervous tissue. 
The regular layers (forming Meynert’s columns) of nerve-cells of the 
cortex are destroyed, the cells being in all stages of dissolution, from 
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Fic. 33 


Photograph of brain of a more recent case of general paralysis; a little time was allowed to 
elapse before stripping the membranes; they were then removed anda worm-eaten eroded 
surface has been left, due to the adhesions of the thickened membranes. 


Photomicrograph of section of cerebral cortex, general paralysis. The columns of Meynert are 
destroyed ; the cortical cells are undergoing destructive changes or are destroyed. There is 
an overgrowth of glia-cells, and a vessel is seen surrounded with cells lying in a dilated 
lymphatic sheath. This vessel terminates in the thickened pia-arachnoid membrane. 


150. 


initial swelling with chromatolysis to complete destruction, leaving 
only the nucleolus recognizable. Some cells are swollen up and no 
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longer retain their pyramidal form ; their processes are atrophied and 
appear broken off; others are almost globular, owing to swelling up of 
the nucleus, while again others present a shrivelled, atrophied appear- 
ance. The motor pyramidal cells do not present the normal Nissl 
granules, and a single healthy-looking cell in a section of the central 
convolutions is hard to find. There is a great increase in the spider 
cells of the neuroglia in those situations of the cortex where the 
atrophy of the nervous elements is most marked, namely, in the frontal 
and central convolutions and the island of Reil. The vessels are 
especially visible, owing to dilatation of the perivascular lymphatics 
and cellular proliferation in the sheath ; numbers of leucocytes also 
are said to be present; the blood contained in the vessels, however, 
does not usually contain excess of leucocytes. By the Marchi and 
Marchi-Fal methods two important observations can be made, namely, 
the existence of a large number of degenerated fibres, in various stages 
of destruction and the absence of the tangential: system of fibres. Many 
authorities consider the disease to be a primary inflammatory meningo- 
encephalitis, with secondary atrophy of the nervous elements. Tabes, 
with which this disease is often associated, or preceded, was formerly 
considered to be a primary sclerosis ; it is now generally looked upon 
as a primary degeneration of the afferent system of neurons, with 
secondary overgrowth of the neuroglia. Many authorities consider 
that general paralysis and tabes are, pathologically speaking, the same 
disease affecting different parts of the nervous system, and the writer is 
of opinion that the inflammatory changes in the membranes and around 
the vessels, in general paralysis, are secondary to atrophy of the nervous 
elements. 


CHAPTER XIII. 


PATHOLOGICAL TECHNIQUE.* 


In sending specimens from an operation, such as tumors, lymph- 
glands, ete., the best method is to wrap them in gauze moistened with 
water. But if the transit requires more than eight hours, it is desirable 
to put them in large, wide-necked bottles filled with a solution of 4 per 
cent. formalin or 60 to 80 per cent. alcohol. Fresh specimens may 
be examined immediately by immersing in normal salt solution, tearing 
them apart with two sharp needles, and mounting upon a slide in the 
same solution. Sections of fresh tissues may be cut upon a freezing 
microtome, mounted in salt solution, and examined or first stained with 
Léffler’s methylene-blue. Frozen sections are often treated with osmic 
acid (0.5 per cent. solution) or with acetic acid (1 or 2 per cent. solu- 
tion). The former demonstrates fat by coloring the fat drops black ; 
the latter renders the nuclei prominent by shrinking and dissolving 
albuminous granules in cloudy swelling. To examine fluids with minute 
bits of tissues or with cellular elements, pick up the sediment, after 
settling or certrifuging just as in urinary analysis with a pipette. 

By fixing a tissue we mean the process of employing a liquid to 
penetrate into its substance, to harden, and to preserve it as nearly as 
possible in a natural way, so that the other processes in the preparation 
of a mounted specimen will not affect its appearance. The liquids 
in most frequent use are alcohol, formalin, corrosive sublimate, Zenker’s, 
Miiller’s, or Flemming’s solution. Alcohol is used for diagnostic 
purposes, for demonstrating bacteria in tissues, and for many clinical 
reactions. Owing to the coagulation of the albuminous contents it 
causes considerable shrinkage and distortion, especially of the outer 
layers, hence for more delicate tissues some of the other fixatives are 

better. Cut the specimen to be examined into pieces of small size, 0.5 
to 1 em. thick, leave for three days in 80 per cent. alcohol, changing 
every twelve to twenty-four hours, and using at least fifteen times as 
much aleohol by bulk as there is tissue. Then transfer for three to six 
days into absolute alcohol. 

Formalin is a very useful fixative, penetrates very quickly, does not 
coagulate albumin, preserves nervous tissues and blood-globules very 
perfectly. It is also a good preservative for museum preparations, 
since it keeps the natural color of the parts better than other solutions. 
Formalin is a 40 per cent. aqueous solution of formaldehyde, and a 10 


* For a detailed description of making an autopsy, for other methods, and for com- 
plete explanations of pathological technique, the reader is referred to Pathological 
Techniqne, by Wright and Mallory ; The Microtomist’s Vade Mecum, by Sée ; Patho- 
logical Anatomy and Histology, by Delafield and Prudden. 
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per cent. solution of this in water or normal salt solution is ordinarily 
called a 4 per cent. formalin solution. Some authorities recommend a 
2 per cent. solution. 

Corrosive sublimate does not penetrate very thoroughly, but is a 
capital fixative for very small bits of tissue, such as scrapings, curettings, 
and the like, where it is essential to preserve minutely delicate struct- 
ures. Saturate a hot normal salt solution with corrosive sublimate, 
after cooling immerse thin bits of tissue for one to four hours, wash 
very thoroughly with running water for twenty-four hours to remove 
the excess of mercury and render the specimens less brittle, transfer 
to 75 per cent. and then to absolute alcohol. The great disadvantage 
of this fixative is the precipitation of mercury in the tissue despite a 
thorough washing in running water. After cutting, this can be removed 
by treating the sections with Lugol’s solution. 


Muller’s fluid : 


Potassium bicarbonate 1... .-. -< 29.) 2.t0;2.07em, 
Potassium sulphate. 4a29-.2- = an Romeenan AQ & 
Water hac Af ee aoe See ee 100.0. << 


Zenker’s fluid has the same formula as Miiller’s plus 5 grains of 
corrosive sublimate and 5 c.c. of glacial acetic acid. 


Flemming’s solution : 
Chromic acid (1 per cent. aqueous solution). . 15.0 gm. 
Osmiciacid viel. ohm sete os ee NAO). 30C 
Glacial acetic acid (2 per cent. solution) .. 10s 


These three solutions are used for special results or with certain 
stains. 

Section Cutting.—-I’or most tissues it is necessary to fill the inter- 
stices with some imbedding substance before they can be well cut. 
This substance must be sufficiently fluid to infiltrate perfectly the fabric. 
It must also possess the property of hardening into a uniformly dense 
substance suitable for cutting into sections. Paraffin or celloidin is 
commonly used. 

Paraffin method permits the cutting of very thin sections (1 to 3 
micromillimetres). The pieces of tissue should not be over 1 em. 
square and 2 to 3 mm. thick, should be soft, of a uniform consistency, 
and should be stained upon the slide. 

First wash thoroughly in running water to free the specimen from 
the fixative. Dehydrate by immersing it in a series of graded alcohols 
from 30 per cent. to 100 per cent. It should be left in the 95 per 
cent. and in the absolute alcohol at least three hours each. Clear in 
oil of cloves or xylol for eight to twelve hours, changing the clearing 
fluid two or three times. The specimen is then put in melted paraffin 
at a temperature of 52° C. and changed into fresh paraffin until there 
is no odor of xylol or cloves—generally an hour is sufficient. 
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Imbedding.—Pour melted paraffin to the depth of one-quarter of an 
inch into small boxes made of glazed paper. Transfer the specimen 
from the paraffin bath into this box with the side to be cut next the 
bottom, fill with more paraffin and float the box upon the surface of 
cold water until the paraffin is thoroughly cooled. A block containing 
the specimen is then cut out and fastened to the disks belonging to the 
microtome by melting a little paraffin and allowing it to cool. The 
block of paraffin is then carefully trimmed away, leaving only a narrow 
rectangular margin about the specimen. The sections are cut with a 
dry knife. If the block is rectangular and if the room temperature is 
well regulated, the sections adhere together at their edges like a 
ribbon. 

Mounting.—Paint the slides with a mixture of equal parts of white 
of egg and glycerin, to which a few drops of carbolic acid are added after 


Fig. 338. 


Minot’s paraffin microtome. 


filtration. Float the sections upon the surface of a large dish of warm 
water to remove any wrinkles in the paraffin, and affix to the slide, 
Melt the paraffin by heating the slide gently, immerse In xylol, then in 
absolute alcohol, and finally down a graded series of alcohols until it is 
ready for staining. 
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Celloidin Method.—Celloidin is a non-explosive gun-cotton (pyrox- 
ylin). Two solutions are necessary : 

1. Strong Celloidin.—Dissolve 30 grams of celloidin (Schering’s is 
the best) in 250 c.c. of ether and 250 c.c. of absolute alcohol. 

2. Thin Celloidin.—Dilute the thick solution with equal parts of 
alcohol and ether. 

The method is as follows : 

a. Dehydrate in absolute alcohol for twenty-four hours. 

6. Twenty-four hours in ether and alcohol, equal parts. 

c. Twenty-four hours to one week in thin celloidin. 

d. Twenty-four hours to several weeks in thick celloidin. 

e. Mount upon small blocks of wood, or, better, vulcanized rubber, 
by pouring thick celloidin about the edges. Expose to the air until the 
ether has evaporated and the surface has hardened. 

f. Immerse in 80 per cent. alcohol until the celloidin is hard—several 
hours to two days. 

g. Trim down the extra celloidin about the section with an old razor 
so as to save the microtome knife. 

h. Place the microtome knife as obliquely as possible so as to cut 
with nearly the whole length of the blade, and keep the knife wet with 
80 per cent. alcohol. If the sections curl, transfer them to water or 
unroll them with a camel’s hair brush wet with alcohol. 


Fig. 339. 


The sections should be cleared in oil of origanum or oil of ber- 
gamot, 

Staining renders certain tissues more prominent, differentiates one 
from another, and aids greatly in studying the various elements. 

Alum hematoxylin either alone or with eosin as a contrast-stain is 
perhaps the best for general use. The formula for Delafield heematox- 
ylin is— 

Saturated solution of ammonia alum, 100 e.e. 
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One gram of hematoxylin crystals dissolved in 6 ¢.c. of 95 per 
cent. alcohol. 

Expose the solution to light for three or four days, and then add 
25 e.c. each of glycerin and wood naphtha. 

After standing for two days a precipitate forms. Filter, and at 
intervals repeat filtration until no further sediment is deposited. 


This is to be kept as a stock solution, and sections are most readily 
stained in a freshly prepared solution of about 1 to 15 or 20. They 
are to be left in this solution until stained a deep purple, then left in 
water over night or rinsed several times very thoroughly to remove the 
excess of the stain. Now counterstain in an aqueous solution of eosin 
(yp to 4 per cent.) for one to five minutes. Dehydrate and remove the 
excess of eosin in two or three changes of 95 per cent. alcohol. Clear 
in oil of origanum, and mount in Canada balsam. 

The nuclei are thus sharply stained blue, the degree of intensity 
varying with the nature of the cell ; the intercellular substance and cells 
are stained rose red. Losin also brings out especially well red blood- 
globules, and smooth or striated muscle-fibre. Carmine and the aniline 
dyes are also used as nucleus stains. Picric acid is used for contrast- 
staining with carmine or hematoxylin, and brings out cornified epithe- 
lium and striated muscle-fibre. 

Van Gieson’s stain has been modified by Freeborn as follows : 


One per cent. aqueous solution of acid fuchsin . 5 ©.c, 
Saturated aqueous solution of picricacid . . . 100 ce. 


It has a wide application in histology, normal and pathological. 
A stronger solution is better for the nervous system, thus : 


One per cent. aqueous solution of acid fuchsin . 15 c.e. 
Saturated aqueous solution of picric Doi i OO) C.e, 
terete sled Ui i een | (U0) C.C, 


The latter makes an excellent contrast-stain for alum hematoxylin. 
It stains the fibrillated connective-tissue fibres, the neuroglia, the axis- 
cylinders, and the ganglion-cells a garnet red ; myelin and muscle-fibres 
a yellow ; and nuclei a brownish red. 

” Method.—Harden specimens in Miiller’s fluid; stain deeply with 
alum hematoxylin; wash thoroughly in distilled water; stain with 
Freeborn’s stain for four or five minutes ; wash in water ; dehydrate in 
95 per cent. alcohol ; clear in oil of origanum ; mount in Canada balsam. 

Golgi’s stains require considerable experience, and are only referred 
to here. The method depends upon hardening very small pieces ot 
tissue, and later impregnating them with nitrate of silver, producing 
a dark-brown or black precipitate. It is most useful in studying 
the histology of the nervous system, especially the distribution of the 
peripheral nerves, and in bringing out the terminations of the gland- 
ducts, as in the liver. 
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BSCESS, 164 
atheromatous, 446 
cerebral, 522 
chronic (‘‘cold’’), 338 
embolic, 327 
follicular, 394, 396 
gravitation-, 388 
in actinomycosis, 382 
in carcinoma, 133 
in glanders, 379 
in skin, 164 
miliary, 162, 327 
of arterial wall, 444 
of bone, 388 
of endocardium, 437 
of liver, 472 
of lung, 456 
perityphlitic, 406 
prevertebral, 382 
pyemic, 327 
strumous, 338 
Absinthe, action of, 502 
Acari, 231 
Acceleration of blood-stream, 153, 168 
Acetonemia, 500 
Achorion Schoénleinii, 822 
Acids formed by bacteria, 277 
Acinous cancer, 134 
Acme of fever, 223 
Acne, 266 
Actinomyces, 381 
Actinomycosis, 381 
Acute yellow atrophy of liver, 477 
Addison’s disease, 79 
Adenofibroma, 99, 123, 125 
Adenoid cancer, 141 
growths, post-nasal, 895 
tumors, 124 
Adenoma, 123, 125 
clinical characters of, 127 
eystic, 125 
of breast, 124, 125 
of intestine, 410 
origin of, 123, 124 
seats of, 124, 125 
sebaceous, 127, 128 
secondary changes in, 124 
structure of, 128 
Adenomyoma, 126 
Adenomyxoma, 123 
Adenosarcoma, 123, 125 
Adipocere, 48 
Aérobic organisms, 281 
Aéstivo-autumnal fever, 249 


African lethargy, 502 
Age, as cause of disease, 20 
Agenesis corticalis, 528 
Agglomeration or agglutination of bac- 
teria, 304, 318 
Agraphia, 519 
Air, bacteriological examination of, 282 
in veins, 219 
Albuminoid degeneration, 63 (see Amy- 
loid degeneration ) 
Albuminuria, 482, 488 
causing depressed vitality, 270 
Albumose in urine, 118 
toxic, 276, 309 
Alcohol, effects of, 501, 502 
Alcoholism, 472, 498 
Alge, movement of, 257 
Alimentary canal, amyloid disease of, 71 
bacteria in, 265 
seats of tumors in, 89 
tuberculosis of, 360 
Alkaloids, bacterial, 276 
Alum hematoxylin, 564 
| Alveolar sarcoma, 112 
, Alveoli of lung in emphysema, 466 
| Amoeba coli, 248 
| Amceboid dysentery, 248 
Amputation, intra-uterine, 27 
-neuroma, 95 
of limb, effects on nervous centres, 502 
Amy] nitrite, action of, 189 
Amyloid, 63 
bodies, 71 
degeneration, 68 
appearances of, 64 
chemical nature, 64 
color-reactions in, 65 
effects of, 66 
etiology of, 65 
experimental production of, 65 
in syphilis, 377 
of alimentary canal, 71 
of capillaries, 64 
of kidney, 68, 69 
of liver, 66, 67 
of spleen, 70 
pathology of, 66 
seats of, 68 
Amyotrophic lateral sclerosis, 554-557 


} Anemia, 418 


fatty liver in, 52 
from tumors, 85 
local, 187, 271 
cedema in, 200 


568 


Anemia, pernicious, heart in, 56 
kidney in, 60 
spinal cord in, 500, 554 
progressive pernicious, 420 
splenic, 424 
Anaérobic organisms, 281 
Anesthesia, 515 
Anesthetics, effect of, on nerve-cells, 497 
Analgesia, 515 
Anasarea, 198 
Anastomosis, arterial, 214 
Anencephalus, 23 
Aneurism, 447 
cerebral, 534 
cirsoid, 96 
clotting in, 201-203 
from infective emboli, 218, 444 
hyaline change in, 63 
miliary, 447 
myelitis from, 524 
of heart, 440 
of valve, 438 
pressure on sympathetic by, 189 
varieties of, 447 
Angina pectoris, 508 
Angiofibroma, 98 
Angioma, 95 
Angiosarcoma, 118 
Ankle-clonus, 514 
Ankylosis of joint, 385 
effect on muscles of, 54 
Ankylostoma duodenale, 248 
Anorexia, 225 
Antheridium, 321 
Anthracosis, 470 
Antimicrobic serum, 289, 305 
Antiseptics, 261 
Antistreptococcie serum, 290 
Antitoxin, 289 
Anus, imperforate, 27 
tumors of, 89 
Aorta, atheroma of, 445 
fatty degeneration of, 58 
malformation of, 429 
obstruction of, 199 
Aortic incompetence, 57 
valves, endocarditis of, 434 
Aortitis, 445 
Aphasia, 517, 519 
Apoplexy, 508, 548 (see Cerebral hemor- 
rhage) 
hereditary, 19 
pulmonary, 219 
Appendicitis, 406 
Appendix vermiformis, catarrh of, 899 
concretions in, 406 
gangrene of, 406 
inflammation of, 406 
in typhoid fever, 402 
ulceration of, 406 
Argyl-Robertson pupil, 501, 558 
Argyriasis, 80 
Arrest of development (see Malforma- 
tions). 
Arsenic, action of, 503 
immunity to, 290 
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Arterial obstruction, 29, 187, 190 
resistance diminished, 188 
tone in fever, 225 
Arteries, amyloid disease of, 64, 444 
atheroma of, leading to gangrene, 33, 76 
calcification of, 75 
cerebral, miliary aneurism of, 447, 541 
degeneration of, 444 
dilatation of, 190 
fatty degeneration of, 60 
hereditary tendency to rupture, 19 
hyaline degeneration of, 68, 444 
in granular contracted kidney, 488 
in pulmonary tuberculosis, 854 
ligature of, 208 
narrowing of, 187 
nutrition of coats of, 443 
Arteriocapillary fibrosis, 447 
Arteriosclerosis, 445 
Arteriosclerotic kidney, 489 
Arteritis, from infective embolism, 218 
infective, 444 
obliterative, 445 
proliferative, 445 
syphilitic, 375 
Artery of hemorrhage, 540 
Arthritis, chronic, 167 
deformans, 386 
gonorrheeal, 296 
gouty, 886 
rheumatoid, 386 
Arthrosporous fungi, 259 
Ascaris lumbricoides, 240 
Asci, 823 
Ascites, 67, 414 
Ascitie fluid, 198 
Ascogonium, 821 
Aspergillosis, 822 
Aspergillus fumigatus, 822 
niger, 260, 262, 321, 322 
Atavism, 20 
Ataxia, 515 
Ataxic paraplegia, 554 
Atelectasis, 464 
Atheroma, 445 
of aorta, 75, 444 
of coronary arteries, 57 
Atheromatous abscess, 446 
ulcer, 446 
Atrophied organs, pigmentation of, 80 


| Atrophy, 88 


appearances in, 40 
eccentric and concentric, 43 
etiology of, 40 

from defective nutrition, 40, 42 
from disuse, 40, 503 

from exhausted vitality, 41 
from pressure, 40 

from waste, 42 

general, 42 

idiopathic muscular, 498 

of bone, 41, 42 

of genital organs, 41 

of heart, brown, 58 

of kidney, 40 

of liver, acute yellow, 477 


Atrophy of liver, cyanotic, 198 

of muscle, 41 

of spleen, 41 

of testis, 40 

of thymus, 41 : 
Attenuation of organisms, 278, 287 
Auto-intoxication, 500 


| et aetre pathogenic, 300 
Bacillus, definition of, 258, 284 
Bacillus anthracis, 300 
ferments of, 275 
botulinus, 503 
coli communis, 305 
diphtheriz, 307 
toxines of, 276, 309 
Eberth’s (see B. typhosus). 
leprae, 279 
mallei, 380 
of Friedlander, 296 
of Frisch, 381 
of influenza, 310 ' 
of malignant edema, 313 
of plague, 310 
of rhinoscleroma, 380 
prodigiosus, 277 
pseudo-diphtheritic, 307 
ruber, 277 
smegmatis, 283 
subtilis, 262, 263 
tetani, 311 
toxines of, 312, 313 
tuberculosis, 328 
effects of, 332 
toxines of, 329 
typhosus, 302 
toxines of, 275 
violaceus, 277 
Back-telling, 21 
Bacteria (or schizo-mycetes), 255 
action of exudation on, 169 
leucocytes on, 172 
aérobie and anaérobic, 262 
arrest of, 270 
arthrosporous, 259 
classification of, 283 
colonies of, 258 
color of, 256 
coneurrent growth of, 273 
conditions of life of, 260 
cultivation of, 280 
distribution of, 264 
endosporous, 259 
fate of, in tissues, 268 
in dysentery, 408 
investigation of, 278 
morphology of, 255 
motility of, 256 
pathogenic, 291 
dose of, 273 
pleomorphic, 260 
products of, 274 
causing fatty change, 49 
necrosis, 30 
nephritis, 481 
proof of pathogenicity of, 285 
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Bacteria, reproduction of, 258, 259 
resistance to, 179 
spread of, 178 
variability of, 288 
virulence of, 278 
Bacterium coli commune, 305 (see Bacil- 
lus coli 
Bands, peritoneal, 412 
Basilar artery, aneurism of, 519 
Basiphile leucocytes, 171 
Bedsores, 29, 380 
Beggiatoa, 259 
Beri-beri, 502 
Bile-ducts, catarrh of, 79 
Bilharzia hematobia, 247 
ova of, 243 
Bilirubin, 77, 79 
calcium, 478 
Bladder, calculi of, 498 
east of, 399 
extroversion of, 25 
hypertrophy and dilatation of, 22 
papilloma of, 120 
villous tumor of, 121 
Blastomycetes (or yeasts), 318 
in carcinoma, 89 
Blindness, 517 
Blood, anatomy of, 415 
coagulation of, 200, 204 
counting the corpuscles of, 426 
diseases of, 415 
effect of abnormal, 499 
deficient, 49 
examination of, 424 
extravasated, changes in, 76, 77 
malarial organism in, 425 
origin of corpuscles of, 417 
specific gravity of, 430 
-supply, causes of diminished, 187 
defects in, 21, 499 
effect of diminished, 50, 187 
Bloodvessels, amyloid degeneration of, 64 
calcification of, 77 
diseases of, 443 
fatty degeneration of, 58 
repair of, 180 
tumors formed of, 95 
Blue milk, bacillus of, 256 
pus, 277 
Boils, 271, 298 
Bone, arrested development of, 42 
atrophy of, 42 
eburnation of, 386 
hypertrophy of, 41, 150 
inflammation of, 388 
in rickets, 390 
marrow in anemia, 4238 
mucoid change in, 60 
necrosis of, 389 
repair of, 182 
transplantation of, 185 
tumors of, 105 
Bothriocephalus latus, 236 
Botulism, 508 
Brain, abscess of, 522 
atrophy of, 519 
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Brain, congenital defects of, 24, 527 
functions of, 516 
hemiatrophy of, 528 


lesions of, irritative and destructive, 519 


sclerosis of, 528 
tuberculous masses in, 858 
Brain-sand, 72, 100 
Branching, true and false, 283 
Breast, adenoma of, 124 
carcinoma of, 134-137 
eysts of, 188, 146 
duct-papilloma of, 121 
hypertrophy of, 151 
Bright’s disease (see Nephritis). 
atrophy from waste in, 42 
fatty arteries in, 60 
cedema in, 149 
peritonitis in, 471 
Bronchi, bacteria in, 265 
dilatation of, 467 
in bronchopneumonia, 458 
in tuberculosis, 3854 
Bronchiectasis, 467 
Bronchitis, catarrhal, 396 
chronic, 463 
from metallic particles, 398 
plastic, 899 
sputum in, 471 
Bronchocele, cystic, 147 
Bronchopneumonia, 456 
morbid anatomy of, 458 
septic, 459 
Bronchus, obstruction of, 461 
Brown atrophy of heart, 58 
induration of lung, 195 
-Séquard’s paralysis, 545 
Bruise, 77 
Bubo, 296, 310 
Bubonic fever, 310 
Bulbar paralysis, 557 
Burns, scarring from, 167 
Bursa, false, 145, 147 


ACHEXIA in malignant disease, 85 
Caleareous infiltration, 73-76 

Calcification, 738 

of arteries, .77 

of cartilage, 73 

of ganglion-cells, 74 

of parasites, 73 

of thrombi, 73 

of tubercular foci, 75 

of tumors, 75 
Calcium oxalate, calculi of, 492 
Caleuli, coral, 492 

renal, passage of, 21 

urinary, 491 

varieties of, 492 

vesical, 493 
Callus, 183 
Canalization of thrombus, 208 
Cancer (see Carcinoma). 
Cancer-bodies, 130 
Cantharides, action of, 177, 481 
Capillaries, amyloid degeneration of, 64 

development of, 181 
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Capillaries, fatty degeneration of, 60 
obstruction of, 29, 191 
permeability of, 197, 199 
thrombosis of, 200 

Capillary-pressure, 197 

Carbolie acid, 261 

Carbon bisulphide, action of, 502 
monoxide, action of, 49 
particles in lungs, 471 
pigmentation by, 79 

Carbuncle, 30, 271, 292 

Carcinoma, 128 
acinous, 1384 
adenoid, 141 
amyloid changes in, 64 
cells of, 129 
clinical characters of, 133 
colloid, 142 
encephaloid, 187 
experimental production of, 91 
hereditary varieties of, 21 
melanotic, 78 
necrosis of, 84 
of brain, 530 
of intestine, 410 
of pylorus, 409 
origin of, 124, 128 
parasites in, 89, 90 
scirrhous, 134 
secondary changes in, 1383 
stroma of, 182 
structure of, 129 
varieties of, 132 

Cardiac failure, 190 

Caries, 888 
of spine, 338 

Carphology, 224 

Cartilage, calcification of, 74 
inflammation of, 185 
mucoid degeneration of, 60 
repair of, 183 
transplantation of, 185 
tuberculosis of, 864 
tumors of, 102 

Caruncle, urethral, 96 

Caseation, 51 

Cast of bladder, 399 

Casts, urinary, 485 

Catalepsy, 497 

Catarrh, mucoid change in, 60 
myxoma arising from, 101 
pigmentation from continued, 78 
varieties of, 896 : 

Catarrhal inflammation, 396, 398 

Catatonia, 497 

Causes of disease, 20, 497 

Caustics, result of, 399 

Cautery, action of, 176 

Cavities, bronchiectatic, 467 
tubercular, 274, 338 

Celloidin method, 564 

Cells, epithelioid, 332 
giant (see Giant-cell). 
multiplication of, 180 
resistance of, 20 

Cellulitis, 271 
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Centrum ovale, lesions of, 520 
Cerebellum, lesions of, 520 
Cerebral abscess, 522 
aneurism, 5384 
embolism, 5387 
hemorrhage, 540 
localization, 516 
softening, 537 
tumor, 528 
Cerebrospinal meningitis, 299 
Cestoda, 233 
Chancre, hard, 371 
Chemical injury, 30, 176 
Chemistry of nerve-degeneration, 511 
Chemotaxis, 172 
Chicken-cholera, 287 
Childhood, diseases of, 20 
Chionyphe Carteri, 383, 384 
Chloasma, 324 
Chloroma, 110 
Chlorosis, 419 
Cholemia, 500 
Cholera, 314 
-vaccine, 288 
-vibrio or spirillum (see Spirillum). 
Cholesteatoma, 529 
Cholesterin, 78, 2389, 446 
Cholin, effects of, 511 
Chondroma, 102 
Chondrosarcoma, 104, 110 
Chorea, 500 
endocarditis in, 438 
hereditary, 498 
Chyle, in urine, 200, 246 
non-absorption of, 42 
Chyluria, 246 
Cilia, effects of heat on, 20 
Circulation, collateral, 188 
disorders of, 187 
Cirrhosis of liver (see Liver). 
Cirsoid aneurism, 96 
Cladothrix dichotoma, 258, 283 
group, 284 
Cleft palate, 23, 25 
sternum, 23 
Cloacze, 390 
Clonus, foot- and ankle-, 514 
Clostridium, 258 
Clot, 205 
Cloudy swelling, 44 
of heart, 45 
of liver, 44 
Club-foot, congenital, 28 
Clump reaction, 428 
Coagulation-necrosis, 34 
of blood, 200 
of effusions, 169 
Coagulum, 200 
Cocci, definition of, 258, 284 
pyogenic, 264, 270, 271 (see Staphylo- 
coccus, Streptococcus, ete. ) 
Coccidium oviforme, 89 
Coccygeal tumors, 148 
Cold, injury from, 80, 176, 177, 388, 450 
Colitis, ulcerative, 408 
Collapse of lung, 458 
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Collapse of lung, fibrosis from, 461 
pigmentation in, 465 
Collaterals, 496 
Collier’s phthisis, 470 
Colliquative necrosis, 34 
Colloid, 61 
cancer, 142 
degeneration, 61 
Colon, dysenteric ulceration of, 408 
Color-blindness, 21 
Columella, 820 
Comma-bacillus (see Spirillum cholerz). 
Compensation of defects, 22, 149 
Compensatory emphysema, 467 
Concentric globes, 188 
Concretions, 75, 406 
Condylomata, 121 
Congenital defects (see Malformations). 
dislocation, 28 
heart-disease, 23 
Conglomerate tubercle, 836 
Conidia, 320 
Conidiophore, 321 
Conjugation of moulds, 821 
Conjunctivitis, 177 
Connective tissue, repair of, 181 
Constipation in fever, 225 
Contagion, 254 
Contagium vivum, 254 
Continued fever, 224 
Contracture, 514 
Convulsion, 223, 236, 248, 503 
Cor hirsutum vel villosum, 412, 433 
Cord, spinal (see Spinal cord). 
Cornea, repair of, 152 
Corns, 121 
Coronary arteries, defective circulation in, 
57 
embolism of, 216 
Corpora amylacea, 72 
Corpuscles, emigration of, 171 
Corrosive sublimate as fixing agent, 562 
Crenothrix Kiihniana, 258 
Crescent group in malaria, 251 
Cretinous idiots, 499 
Crisis, 223 
Critical diarrhea, 223 
Culture-media, 280 
-tubes, 281 
Cyanosis, 430 
Cylindroma, 118 
Cystic adenoma, 125 
Cysticereus, 236 
Cystitis, 399 
Cysts, 144 
compound proliferous, 146 
contents of, 145 
dermoid, 143 
exudation-, 147 
formation of, 144 
hydatid, 237 
of brain, 528, 580 
retention-, 146 
sebaceous, 146 
structure of, 145 
varieties of, 146 
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|B ree tissues, staining of, 80 
Death, 22 
Death, local, 29 (see Necrosis) 
Decomposition, 32, 37 
Degeneration (and infiltration), 38 
albuminoid, 63 
amyloid, 63 
ascending, 545 
chemistry of nerve-, 511 
descending, 548 
fatty, 47 
granular, 43 
hyaline, 63 
lardaceous, 63 
mucoid, 60 
of afferent tracts, 546 
of efferent tracts, 554 
of nerves, 504 
of spinal cord, 507 
parenchymatous, 43 
pigmentary, 57 
primary, of nervous system, 546 
secondary systemic, 543 
varieties of, 38, 43 
Wallerian, 504 
waxy, 68 
Zenker’s, 62 
Delirium, 500, 522 
tremens, 501 
Demarcation, line of, 88 
Dementia, 498, 502 
Dendrites, 496 
Dendrons, 494 
Dermatitis from blastomycetes, 319 
Dermoid cysts, 148 
Desmobacterium, 258 
Desquamation, 410 
Development, defective, 23-28 
of abdomen, 25 
of anterior median line, 24 
of face, 24 
of heart, 429 
of limbs, 27 
of posterior median line, 23 
errors of, causing tumors, 87 
Diabetes, 42 
Diarrhea, 42, 71, 223 
Digestion in fever, 225 
Dilatation of vessels, inflammatory, 168 
Diphtheria, 306 
antitoxin, 289 
bacillus of (see Bacillus diphtheriz). 
myelitis in, 524 
poison of, 49 
Diplococeus, definition of, 258 
intracellularis meningitidis, 299 
pneumonize, 296 
Disease, acquired, 19 
in utero, 19 
Addison’s, 79 
definition of, 18 
due to diminished resistance, 19 
effects of past, 21 
etiology of, 21, 498 
exciting causes of, 21 
extension of, 21 
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Disease, external causes of, 499 | 
functional, 19, 494 . | 
general and local, 19 
hereditary, 21, 498 
infective, 284, 325 

etiology of, 285 
inherited, 18, 498 
internal causes of, 498 
investigation of, 17 
predisposing causes of, 19 | 
primary and secondary, 21 
recurrence of, 21 
silkworm-, 19 
structural or organic, 19, 494 
terminations of, 22 
varieties of, 18 
woolsorter’s, 802 

Diseases of the blood, 415 
of bloodvessels, 443 
of connective tissues, 885 | 
of heart, 429 / 
of kidney, 479 
of liver, 471 
of lymphatic glands, 394 
of mucous membranes, 395 
of nervous system, 494 
of respiratory organs, 450 
of special tissues, 885 

Dislocation, congenital, 28 

Disseminated sclerosis, 531 

Distoma hematobium, 247 
hepaticum, 247 
lanceolatum, 247 

Disuse-atrophy, 40 

Diverticulum, Meckel’s, 25 

Dochmius duodenalis, 243 

Dropsy, 196 
renal, 199 

Duct-papilloma, 122 

Ductus arteriosus, obliteration of, 41 

persistent, 429, 480 
venosus, 41 

Dwarfing, 23 

Dysentery, 407 
amoebee in, 248 
amoeboid, 248 
amyloid disease in, 65 
micrococei in, 299 


| Dyspepsia, 42 7 
| Dysuria, 248 


| Ehaeeieen effects of, 327, 521, 522 
Earth, bacteriological examination 
of, 282 

Eburnation, 886 

Kecentrie atrophy, 48 

Eechondromata, 104 

Effects of past disease, 21 | 

Effusion, hemorrhagic, 412 
purulent, 412 | 
serofibrinous, 412 

Ehrlich’s stain, 425 - 

Electricity, damage from, 176 

Elephantiasis arabum, 245 

Elephantoid fibroma, 99 

Emaciation, fatty liver in, 52 
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Emboli, capillary, 218 
carriage of, 212 
impaction of, 213 
infective, 218 
pigment-, 78: 
simple, 218 
source of, 211 
Embolism, 211 
by fragments of liver, 214 
cerebral, 537 
damage from, 51 
effects of, 214, 519 
fat-, 218, 388 
gangrene from, 22 
infective, 218, 534, 539 
of cerebral arteries, 216 
of mesenteric artery, 216 
of pigment, 78 
of pulmonary artery, 221 
of tumor-cells, 84 
paradoxical or crossed, 213 
retrograde, 213 
septic, 327 
Embryonic remains, theory of, 87 
Embryos of parasites, 248 
Emigration of leucocytes, 155 
Emphysema, 464 
atrophic, 466 
etiology of, 466 
hypertrophic, 464 
vesicular, 464 
vicarious, 466 
Empyema, 414 
amyloid change accompanying, 65 
fibrosis of lung from, 463 
of joint, 366 
pneumococci in, 298 
Encapsulation, 179 
Encephalitis, 522 
saturnina, 502 
Encephalocele, 24 
Encephaloid cancer, 137 
Encephalomeningocele, 24 
Enchondromata, 104 
Endarteritis obliterans, 374 
syphilitica, 536 
Endemic disease, 274 
Endocarditis, 434 
chronic, 438 
in chorea, 437 
old, 438 
organisms in, 294, 296, 299, 437 
pathology of, 437 
ulcerative, 439, 539 
verrucosa, 438 
Endogenous nerve-tracts, 516 
Endophlebitis obliterans, 374 
Endosporium, 320 
Endothelioma, 119 
Engorgement-stage of pneumonia, 452 
Enostosis, 106 
Kosinophile leucocytes, 171 
EKosinophiles, 417 
Epiblast, tumors derived from, 92, 128 
Epidemic cerebrospinal meningitis, 299 
pneumonia, 451 


Epilepsy, 21, 502, 504 
Epiphysis, tubercular disease of, 363 
Kpispadias, 26 
Epithelial nests, 138 
Kpithelioid cells, 332 
Epithelioma, 133 

cells of, 137 

columnar, 141 

squamous, 137 
Epithelium, repair of, 182 
Epulis, fibrous, 99 

malignant, 118 
Equinia, 378 


Ergot of rye, effects of, 81, 188, 502, 524 


Erysipelas, 294 
Hrythrasma, 324 
Erythrocytes, 415 
Escape of blood-corpusceles, 192 
Exaltation of virulence, 273 
Examination of blood, 424 
Exciting causes of disease, 21, 176 
Excretion in fever, 225 
Exophthalmic goitre, 499 
Exosporium, 820 
Exostosis, 106 

subungual, 104 
Expansion of bone, 118 
Expiratory theory of emphysema, 467 
Extension of disease, methods of, 21 
External conditions, disease due to, 21 
Extravasated blood, fate of, 77, 78 
Extroversio vesice, 26 
Exudation, dropsical, 196 

inflammatory, 157, 162 


ACE, development of, 24 
epithelioma of, 134 
Facial nerve, inflammation of, 177 
Fecal fistula, 414 
Feces, tubercle-bacilli in, 3380 
Fall of fever, 223 
Farey, 378 
Fastigium of fever, 223 
Fat, composition of, 45 
-embolism, 218 
-granules, carriage of, 48 
characters of, 50 
necrosis of, 34 
Fatigue of muscle, 183 
Fattening, artificial, 54 ; 
Fatty accumulation (infiltration), 45 
appearances of, 47 
etiology of, 46 
in heart, 54 
in liver-cells, 47, 52, 53 
in muscle, 54 
seats of, 47 
degeneration, 47 
appearances of, 49 
etiology of, 49 
experiments on, 48 
of bloodvessels, 58 
of heart, 56 
of kidney, 60 
of muscle, 55 
of tubercles, 339 
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Fatty degeneration, results of, 51 
terminations of, 50 
heart, 54, 56 
liver, 52, 53 
rupture of, 218 
Fauces, inflammation of, 294 
Favus, 322 
Fermentation, 248, 274 
Ferments, 275 
intracellular, 291 
unformed, 255 
Fertilization of moulds, 321 
Fever, 222 : 
hysterical, 226, 227 
pathology of, 226, 227 
remittent, 248 
simple traumatic, 227 
types of, 224 
varieties of, 227 
wasting in, 42, 48 
Fibrinous inflammation, 398 
Fibroadenoma, 125 
Fibroblasts, 164, 166, 332 
Fibroendothelioma of dura mater, 529 
Fibroid induration, 192, 371 
recurrent, 113 
uterine, 94, 99 
Fibrolipoma, 102 
Fibroma, 98 
cavernosum, 99 
elephantoid, 99 
teleangiectaticum, 98 
Fibromyoma, 94 
Fibropsammoma, 100 
Fibrosarcoma, 110 
Fibrosis, 174 
of lung, 461 
of tubercles, 337 
replacement-, 39 
Filaria sanguinis hominis, 245 
perstans, 247 
Filarie, varieties of, 245 
Fingers, supernumerary, 27 
Fission, reproduction by, 257 
Fissures, developmental, 26 
Fistula, branchial, 25 
frecal, 414 
intestinal, 25 
vesical, 25 
Fits, 519 (see Convulsions) 
Fixing tissues, 561 
Flagella of bacteria, 256 
Flagellated organism in malaria, 251 
Flemming’s solution, 562 
Foetation, extra-uterine, 74 
Foetus, endocarditis in, 434 
_— -head of, 24 
Follicular pharyngitis, 398 
ulcers, 896 
Foramen ovale, patent, 429, 430 
Foreign bodies causing thrombosis, 201 
Formalin as fixing agent, 561 
Fracture, repair of, 182 
Fractures, fat-embolism in, 218 
Fragmentation of nucleus, 181 
Friedreich’s disease, 498, 554 


Fright, effect of, 79 

Frog-spawn coccus, 258, 259 

Functional activity, excessive, 177, 499 
disease, 19, 494 

Functions of organs, 17 

Fungi, 255 

Fungus hematodes, 187 


ALL-STONES, 477 
obstruction from, 79, 479 
Ganglia, 147 
Ganglion-cells, calcification of, 74 
nutrition of, 216 
Gangrene, causes of, 29 
circumscribed, 32 
diabetic, 31 
dry, 31 
from embolism, 33 
inflammation, 380 
injury, 34 
thrombosis, 338 
hospital, 30 
moist, 31 
of appendix vermiformis, 406 
senile, 33 
spreading, 32 
traumatic, 380 
varieties of, 30 
Gases formed by bacteria, 277 
Gastric ulcer, 400 
Gelatine, liquefaction of, 276, 277 
Gemmation, 318 
General paralysis of insane, 20, 557 
juvenile, 557 
Genu valgum, 151 
Genus anophiles, 252, 253 
culex, 252, 253 
Germ-theory of disease, 255 
Germicides, 261 
Giant-cells, 332 
in leprosy, 869 
in lupus, 866 
in syphilis, 371, 373 
Giant-cell system, 167, 336 
Giant-growth, 23, 151 
Glanders, 378 
acute, 878 
chronic, 379 
etiology of, 880 


Glands, lymphatic (see Lymphatic glands). 


mesenteric, in typhoid fever, 405 
Glandular infection in carcinoma, 129 
in inflammation, 179 
in sarcoma, 110 
Glioma, 95 
Gliosis, 531 
Goitre, endemic, 126 
exophthalmie, 499 
Golgi’s stain, 565 
Gonococeus, 295 
Gonorrhea, 295 
myelitis from, 524 
stricture due to, 400 
warts caused by, 89, 121 
Gout, 73 
Gram’s stain, 278 
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Granulating surfaces, union of, 161 
Granulation, gray, 3835 
-tissue, 164 
Granule-cells, 50 
Granulomata, infective, 178 
Graves’ disease (see Goitre, exophthalmic). 
Growths, new (see Tumors). 
Gummata, 372 
of nervous system, 530 
Gynecophorie canal, 247 


|B | se aes et arta 426 
Hematocele, 144, 147 
Hematogenous pigmentation, 76 
pulmonary tuberculosis, 344 
Hematoidin, 77, 192, 471 
Hematoma, 78 
of dura mater, 521 
Hematoxylin, 564 
Hematozoén malariz, 249 
Hematuria in renal tumors, 85 
Hemoglobin estimation, 427 
in fever, 225 
Hemolysis, 77 
Hemometer, 427 
Hemophilia, 424 
Heemosiderin, 77 
Hair affected with trichophyton, 323 
regeneration of, 182 
Hammerman’s palsy, 503 
Hare-lip, 24 
Healing of wounds, 157 
by first intention, 157 
by granulation, 159 
under a scab, 161 
Heart, aneurism of, 57, 439, 440 
diseases of, 429 
fatty accumulation in, 54 
degeneration of, 56, 304 
hereditary, 19 
fibroid, 479 
hypertrophy with pigmentary change, 
58 


compensatory, 149 

in fevers, 224 

malformations of, 429 

rupture of, 57 

valvular defects, result of, 191 
Heat, injury from, 30, 176 
Hectic fever, 224 
Hemianopsy, 520 
Hemiatrophy of brain, 528 
Hemiplegia, 517, 520 

congenital, 527 

from carotid obstruction, 216 
Hemorrhage, anemia from, 188 

causing atrophy, 42 

cerebral, 540 

coagulation of blood after, 204 

damage from, 51 

from gastric ulcer, 401 

from venous hyperemia, 192 

in cirrhosis of liver, 473 

in pulmonary tuberculosis, 359 

in typhoid fever, 408 

permanent results of, 51 
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Hemorrhage, punctiform, 155 
Hemorrhoids, 450 
Hepatization, gray, 454 
red, 453 
Hereditary ataxia, 554 
chorea, 498 
disease, 18, 21, 46 
tumors, 21, 94, 102, 107 
weakness of tissues, 19 
Heredity, as cause of disease, 20, 498 
Hernia, umbilical, 25 
Hip-joint, congenital dislocation of, 28 
Hodgkin’s disease, 424 
Hooklets, hydatid, 288, 289 
Horns, 121 
Hyaline degeneration, 63 
thrombi, 206 
Hyaloplasm, 494 
Hydatid cysts, 237 
uterine, 101 
Hydremia, 418 
plethoric, 199 
Hydrocele, 147, 178 
Hydrocephalus, acute, 357 
congenital, 24 
from tumors, 529 
Hydronephrosis, 480 
Hydrophobia, 287 
Hydrops of joint, 365 
Hyperemia, 188 
active or arterial, 188 
compensatory, 189 
mechanical, 190 
passive or venous, 190 
of liver, 195 
of lungs, 195 
results of, 150, 189 
Hyperzesthesia, 514 
Hyperplasia, 148 
Hyperpyrexia, 224 
Hypertrophy, 148 
compensatory, 149, 150, 400 
of bone, 41, 150 
of connective tissue, 151 
of heart, 431 
of thyroid gland, 126 
Hyphee, 319 
Hyphomycetes, 319 
conditions of life of, 321 
pathogenic, 322 
Hypoblast, tumors derived from, 92, 128 
Hypospadias, 26 
Hypostatic congestion, 191 
pneumonia, 460 
Hysteria, 20, 21 
Hysterical paralysis, 496, 502 


CHTHYOSIS lingue, 123 
Icterus, 79 (see Jaundice) 
neonatorum, 79 
Idiocy, 498 
Idiopathic muscular atrophy, 498 
Imbecility, 498 
Imbedding, 563 
Immunity, 285 
acquired, 285 


576 


Immunity, active, 286 

artificial, 286 

natural or inherited, 286 

passive, 286 

theories of, 290 
Immunization to anthrax, 302 

to diphtheria, 309 

to plague, 311 

to tetanus, 318 

to typhoid-bacillus, 304 
Immunized serum, 309 
Imperforate anus, 27 
Impetigo, 292 
Incompetence, valvular, 487 
Incubation period in malaria, 253 
Indol, 277 
Induration of lung, brown, 195, 471 
Infantile paralysis, 41, 525, 528 
Infarct, fate of, 32 

of kidney, 214 

of lung, 216 

red and white, 215 
Infarction, 214 

of heart, 440 

of lung, 219 

pathology of red, 216 
Infective disease, 325 

embolus, 218 

fevers, 227 

granulomata, 178 

inflammation, 178 
Infiltration, albuminous, 43 

calcareous, 738 

fatty, 46 

varieties of, 46 
Inflammation, and repair, 152 

arrest of, 179 

causing gangrene, 29 

clinical signs of, 173 

eroupous, 398 

diffuse, 269 

diphtheritic, 398 

dry, of serous membrane, 410 

etiology of, 175 

explanation of phenomena, 168 

fibrinous, 398 

infective causes of, 177 

of aortic valves, 484 

of appendix vermiformis, 406 

of arteries, 444 

of bone, 388 

of cartilage, 385 

of cornea, 385 

of endocardium, 484 

of lungs, 450 

of lymphatic glands, 394 
—of mitral valve, 434 

of mucous membranes, 395 

of periosteum, 887 

of serous membranes, 410 

of veins, 449 

proliferative, 166 

purulent, 412 

serous, 412 

simple, 153 

suppurative, 163 
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Inflammation, traumatic causes of, 176 
varieties of, 175 
Inflammatory fevers, 227 
Influenza, 310, 523 
Inhalation of particles, pneumonia from, 
461, 463 
Inherited diseases, 21 
tendencies, deferred, 18 
Injury, effect of, on arteries, 188 
reaction to, 152 
subcutaneous, 176 
Insanity, hereditary, 21 
Inspiratory theory of emphysema, 466 
Insular sclerosis, 531 
Intermittent fever, 224 
Intestinal obstruction, 410, 412, 479 
worms, 233 
Intestine, actinomycosis of, 383 
amyloid disease of, 71 
eatarrh of, 898 
compensatory hypertrophy of, 150 
in typhoid fever, 402 
tuberculosis of, 860 
tumors of, 410 
ulceration of, 401 
amyloid, 71 
dysenteric, 407 
tubercular, 360 
typhoid, 403 
Intra-uterine disease, 19 
Introduction, 17 
Inverted type of fever, 224 
Todine-stain for amyloid, 65 
trichloride, 309, 31 
Irritation, frequent, causing disease, 20 
as cause of tumors, 88, 140 


AUNDICE, 79 
Joint, chronic suppuration of, 167, 
168 


Joint, gonocoeci in, 296 
scrofulous, 338 
tuberculosis of, 362 
Joint-disease, general tuberculosis from, 
274 
Juvenile general paralysis, 557 
paralysis (Erb), 557 


Kr kas: 502 
Karvokinesis, 180 
Keratitis, 385 
Kidney, ‘adenoma of, 126 
amyloid, 68 
arteriosclerotic, 489 
cirrhosis of, 488 
cystic, 145 
cysts of, 147 
diseases of, 479 
effects of removal, 22 
embolism of, 163 
fatty degeneration of, 60 
gouty, 488 
granular contracted, 488 
apoplexy in, 541 
cedema in, 199 
hypertrophy of, 150 
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Kidney, infaret of, 217 
inflammation of, 177 (see Nephritis) 
large white, 487 
amyloid, 68 
malformations of, 27 
small white, 487 
~ surgical, 480 
Kinesthesia, 518 
Knee-jerk, 518 
Knife-grinder’s phthisis, 470 
Knock-knee; 151 


ACTIC acid, in osteomalacia, 390 
Landry’s paralysis, 527 
Lardacein, 63 
Lardaceous degeneration, 63 (see Amyloid 
degeneration ) 
Larynx, tuberculosis of, 843 
Lathyrism, 524 
Lead, pigmentation by, 80 
-poisoning, effects on arteries, 448 
on muscles, 54 
on nerves, 502 
interstitial nephritis from, 488 
myelitis from, 524 
Lecithin, 48, 511 
Leiomyoma, 93 
Lepra-cells, 369 
mutilans, 367, 369 
Leprosy, 367 
bacillus of, 369 
etiology of, 369 
Leptomeningitis, 521 
Leptothrix, 258, 284 
Leucocytes, 416 
carriage of bacteria by, 179 
of fat by, 48 
of pigment by, 78, 470 
embolism by, 219 
emigration of, 155, 170 
forming fibrous tissue, 167 
varieties of, 170, 171 
Leucocythemia, 422 
amyloid change in, 65 
Leucocytosis, 417 
Leuconostoc, 258 
Leucopenia, 418 
Leukemia, 422 
Lightning-pains, 553 
Limbs, malformations of, 28 
Line of demarcation, 33 
Lip, epithelioma of, 184 
lymphangioma of, 98 
malformation of, 24 
Lipoma, 101 
hereditary, 21 
Liposarcoma, 108 
Liquor puris, 165 
Lithopzedion, 74 
Liver, abscess of, 472 
actinomycosis of, 382 
acute yellow atrophy of, 477 
adenoma of, 127 
amyloid, 66 
cirrhosis of, 472 
biliary, 474, 476 
37 
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Liver, cirrhosis of, centripetal, 472 
dyspeptic, 475 
hypertrophic, 475 
jaundice in, 79 
multilobular, 475 
pericellular, 877, 475 
portal, 472 
rare forms of, 475 
syphilitic, 167, 377 
congestion of, with atrophy, 40 
diseases of, 471 
embolism by fragments of, 213 
fatty accumulation in, 52 
nutmeg, 53 
gummata in, 372 
hobnailed, 473 
nutmeg, 193 
passive hyperzemia of, 193 
red atrophic, 474 
regeneration of, 181 
rupture of fatty, 218 
syphilitic disease of, 377 
tuberculosis of, 334 
Locomotor ataxy, 546 
Loefiler’s blue, 807 
serum, 308 
Lung, abscess of, 456, 458 
brown induration of, 195 
collapse of, 458 
consolidation of, 351, 458 
fat-embolism of, 218 
fibroid thickening of, 460 
gangrene of, 456 
infarct of, 216, 219 
inflammation of (see Pneumonia). 
passive hypereemia of, 195 
pigmentation of, 469, 471 
purulent infiltration of, 454 
suppuration of, 454 
tuberculosis of, 344-856 
Lupus-nodules, 167 
vulgaris, 366 
Lymph, composition of, 169, 197 
effects of abnormal, 499 
secretion of, 198 
Lymphadenitis, 394 
Lymphagogues, 198 
Lymphangioma, 97 
Lymphatic glands, diseases of, 394 
infection of by bacteria, 179 
tumors, 84 
inflammation of, acute, 894 
chronic, 394 
tuberculosis of, 859 
Lymphocytes, 170, 416 f 
Lymphogenous pulmonary tuberculosis, 
346 
Lymphosarcoma, 112 


Lysis, 223 

ACROCHEILIA, 98, 151 
\ Macrocytes, 415 
Macroglossia, 98, 151 
Madura foot, 383 


| Malaria, 249 


amyloid change in, 65 
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Malaria, incubation period in, 253 
mosquito in, 252 
organisms, examination of, 425 
pathological anatomy of, 258 
parasite of, 249 
Males, diseases peculiar to, 20, 21 
Malformations, causes of, 24 
congenital, 23-28 
of brain, 24 
of face 24 
of heart, 429 
of kidney, 27 
of limbs, 28 
of spinal cord, 23 
varieties of, 23 
Malignancy of tumors, 86, 92 
Malignant endocarditis, 439 
cedema, 318 
pustule, 301 
Mallein, 380 
Mamma (see Breast). 
Mania, 503 
acute delirious, 500 
Marchi method, 508 
Marrow, inflammation of, 387 
in typhoid fever, 406 
Mast-cells, 171 
Maximum, maintenance of physiological, 
18 
Measles, 299, 523 
Meat, tuberculous, 330 
Mechanical extension of disease, 21 
hyperemia, 190 
injuries, 30, 176 
Meckel’s cartilage, tumors from, 82, 88 
diverticulum, 25 
Mediastinal growth, 112 
Megaloblasts, 416 
Megalocytes, 415 
Melancholia, 502, 503 
Melanin, 79, 115 
Melanoderma, 79 
Melanosareoma, 110 
Melanosis, 258 
Membrane, croupous and diphtheritic, 399 
false, 898 
Meninges, inflammation of, 520 
tuberculosis of, 356 
Meningitis, 521 
basic of infants, 299, 521 
epidemic cerebrospinal, 299 
gummatous, 534 
pneumococeus in, 299 
tubercular, 356 
‘Meningocele, 24, 147 
Meningococcus, 299 
Meningo-encephalo-myelitis, 502 
Meningomyelitis, 527 
Mercurie chloride as germicide, 261 
Mercury, pigmentation by, 80 
Mesenteric glands in typhoid fever, 405 
Mesoblast, tumors arising from, 92 
Methyl-violet stain for amyloid, 65 
Micrencephalia, 24 
Microbacterium, 261 
Microcephaly, 42 
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| Micrococci, pathogenic, 290, 800 


Micrococeus, definition of, 258 
septicus, 2638 | 
ure, 291 

Micromyelia, 24 

Micro-organisms (see Bacteria). 

Microsporon endothrix and ectothrix, 323 

furfur, 824 

minutissimum, 824 

Miliary aneurisms, 447, 541 

tubercles, 335 

Milk-patches, 434 

Milk, pathological, 338 

tuberele-bacilli in, 330 

Minimum, maintenance of physiological, 

18 

Mitosis, 175 

Mitral disease, 484 

Modification by past disease, 21 

Mole, 23 

Mollities ossium, 390 

Molluscum fibrosum, 100 4 

Monoplegia, 517 

Monsters, 23 

Morbid processes, varieties of, 22 

Mosquitoes, 252, 253 

in filariasis, 245 

Mother’s marks, 96 

Moulds or hyphomycetes, 319 

pathogenic, 322 

Mouth, actinomycosis of, 382 

Mucin, 60, 145 

Mucoid degeneration, 60 

Mucor mucedo, 318, 3820 
racemosus, 821 

Mucous membrane, adenoma of, 127 

inflammation of, 395 
passage of bacteria through, 266 
transplantation of, 186 

catarrh, 397 

polypi, 127 

tubercles, 371 


| Muller’s dust corpuscles, 418 


fluid, 562 
Multiple sclerosis, 531 


| Muscle, amyloid degeneration of, 64 


cloudy swelling of, 43 
fatty accumulation in, 54 
degeneration of, 42, 55 

repair of, 182 

tumors of, 92 

Zenker’s degeneration of, 62 
Muscular atrophy, idiopathic, 509 

paralysis, pseudohypertrophic, 21, 148 
Mycelium, 319 
Mycetoma, 388 
Mycoderma aceti, 262 

vini, 319 
Myelitis, 887 

acute, 536 

central, 536 

compression-, 587 

diffuse, 536 

focal, 537, 560 

transverse, 537, 560 
Myelocytes, 417 
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Myeloid sarcoma, 117 
Myeloma, 118 
Myelomeningocele, 24 
Myocarditis, 489 
diffuse, 440 
suppurative, 439 
Myoma, 93 
calcification of, 74 
Myomalacia cordis, 440 
Myositis ossificans, 106 
Myotatie irritability, 513 
Myxochondroma, 103 
Myxcedema, 20, 61 
Myxolipoma, 101, 102 
Myxoma, 100 
Myxosarcoma, 110 


ZEVI, 95 
capillary, 95 
Nevi, cavernous, 96 
cutaneous, 95 
melanotic, 78 
Nails, favus of, 822 
regeneration of, 182 
tinea of, 324 
Nasal discharges, diphtheria-bacilli in, 3807 
polypus, 99, 101 
Necrosis, 29 
acute, 387 
coagulation-, 34 
colliquative, 34 
from cardiac weakness, 30 
from passive hyperemia, 29 
from physical and chemical injuries, 80 | 
from thrombosis, 210 
of bone, 389 
of fat, 34 
of kidney, embolic, 33 
of mucous membrane in dysentery, 407 
of myocardium, 33 
Neisser’s stain, 307 
Nematoda, 336 
Nephritis, acute consecutive, 480 
tubular, 485 
chronic consecutive, 481 
interstitial, 487 
tubular, 485 
consecutive, 480, 481 
glomerular, 482, 483 
interstitial, 487 
secondary, 22 
parenchymatous, 481 
suppurative, 479 
tubular, 482 
Nerve, degeneration of, 504 
influence, effect of altered, 21, 42, 177 
injury to, 42 
leprosy of, 369 
optic, atrophy of, 41, 549 
repair of, 504 
transplantation of, 186 
Nerves, degeneration of, 504 
diseases of, 507 


Nervous system, central, degeneration of, 
KA 
507 
inflammation of, 522 
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Nervous system, development of, 28 
effects of fever on, 224 
hyperemia of, 189 
morphology of, 494 
pathology of, 494 
regeneration of, 507 

Neuralgia, 20, 79, 189, 200, 508 

Neurasthenia, 501 

Neurin, 511 

Neuritis, 507 

interstitial, 507 
leprous, 367, 501 
optic, 580 
parenchymatous, 507 

Neurofibroma, 100 

Neuroglia, function of, 498 

Neurokeratin, 511 

Neuroma, 94 

amputation-, 95 
false, 100, 101 
Neurones, 494 
corticospinal and spinomusceular, 511 
relations of, 496 

Neuropathic tendency, 498 

Neuroses, paroxysmal, 494 

Neurosis, 503 

Nissl-bodies, 495 

Nitrification, 275 

Nodes, 371, 387 

Noma, 30 

Normoblasts, 416 

Nose, rodent ulcer of, 140 

Nuclein, 290 

Nucleus, division of, 181 

Nutrition, arrested, 29 

impaired, 38 


BESITY, 46, 47 
fatty liver in, 52 
Odontoma, 106 
(Edema, 174, 198 
malignant, 313 
(Ksophagus, amyloid degeneration of, 71 
seats of tumors in, 88 
Oidium albicans, 819 
Old age, diseases of, 20 (see Senile changes ) 
mucoid change in, 60 
wasting in, 42 
Oligocythemia, 415, 419 


| Omentum, inflamed, 411 


Omphalomesenteric duct, persistent, 25 


| Onset of fever, 223 


Onyx, 885 
Opium, immunity to, 290 
Optic nerve, atrophy of 41, 549 
neuritis, 530 
Orchitis, 178 
Origin of blood-corpuscles, 417 
Oscillation of blood, 154 
Osteitis, 388 
deformans, 388 
Osteochondroma, 104 
Osteoid tissue, 104 
Osteoma, 105 
dental, 106 
hereditary, 21 


580 INDEX. 


Osteoma, varieties of, 106 
Osteomalacia, 390 
Osteomyelitis, 387 
Osteophyte, 107 
Osteosarcoma, 110 
Otitis, meningitis from, 521 
pneumococcus in, 299 
Ova of parasites, 243 
Ovarian cysts, 126 
tumors, degeneration of, 60, 61 
Ovary, adenoma of, 126 
Ovum, infected with disease, 19 
Oxamide, calculi from, 493 
Oxyphile leuccey tes, 171 
Oxyuris vermicularis, 240 


ACHY MENINGITIS, 520 
membranous, 78, 521 
Palate, cleft, 25 
tuberculosis of, 840 
Pannus, 385 
Papilloma, 120 
clinical characters of, 123 
origin of, 122 
varieties of, 121 
Paradoxical embolism, 213 
temperature, 224 
Pareesthesia, 515 
Paraftin, causing epithelioma, 89 
method, 562 
Paralysis, acute ascending, 527 
spinal, 525 
Bell’s, 507 
buibar, 557 
corticospinal, 511 
diphtheritic, 309, 501 
general, of insane, 20 
hysterical, 502 
infantile, 525 
juvenile (Erb), 557 
Landry’s, 527 
of muscle, effects of, 54 
pseudohypertrophic muscular, 21, 148 
spinomuscular, 511 
Paraplegia, ataxic, 554 
Parasite of aestivo-antumnal fever, 251 
of quartan fever, 250 
of tertian fever, 250 
Parasites, animal, 229 
nature of, 228 
vegetable, 254 
Parasitic theory of tumors, 89 
Parasyphilitic affections, 501, 5384 
Parotid tumors, 126 
Parturition, injury to bladder from, 399 
Pathological technique, 561 
Pediculi, 229 
Pellagra, 502, 524 
Lelvis in osteomalacia, 390, 394 
in rickets, 394 
Pemphigus leprosus, 3869 
Penicillium glaucum, 321 
Peptones, 275, 276, 277 
Perforation of intestine, 403 
of stomach, 401 
Periarteritis nodosa, 444 


Pericarditis, 438 
adhesive, causing fatty heart, 58 
fibrinous, 411 
from actinomycosis, 383 
Pericardium, adherent, 414 
Perihepatitis, 471 
Perinephritis, 493 
Periosteum, inflammation of, 887 
transplantation of, 185 
Periostitis, causing necrosis, 29 
proliferative, 387 
serous, 387 
suppurative, 387 
syphilitic, 372 
tubercular, 363 
Periphlebitis, 432 
Perithecium, 321 


Peritoneum, behavior of, toward organ- 


isms, 272 
inflammation of, 170 
Peritonitis from actinomycosis, 383 
in perityphlitis, 406 
in typhoid fever, 405 
pneumococcus in, 298 
tubercular, 413 
Pernicious anemia, 420 
Peyer’s patches in tuberculosis, 360 
in typhoid fever, 402 
Phagocytosis, 173 
Pharyngitis, follicular, 398 
Phlebitis, 449 
Phleboliths, 74, 206, 450 
Phlebosclerosis, 449 
Phlegmasia dolens, 210, 211 
Phosphatic calculi, 492 
Phosphorus, action of, 
478, 482 
Phthisis, 346, 457 (see Tuberculosis, pul- 
monary ) 
acute, 349 
chronic, 853 
collier’s, 470 
laryngeal, 843 
Pianoforte-player’s cramp, 503 
Picric acid, staining by, 79 
Pigment, bacterial, 277 
derived from muscle, 58 
due to cell-action, 78 
-emboli, 219 
from bile, 79 
from blood, 76 
from foreign bodies, 79 
hematogenous 76 
varieties of, 
Pigmentary Ne 76 
degeneration of heart, 58 
Pigmentation, 76 
from congestion, 78, 198 
in sarcoma, 115 
of lung, 469, 471 
Pigmented cells, 79, 115 
Pityriasis v ersicolor, 324 
Plague, bacillus of, 310 
Plasma- cells, 166 
Plate- cultures, 281 
Platelet-crisis, 204 


48, 49, 60, 151, 
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Plethora, 418 
Pleurisy, blood in cases of, 204 
fibrosis of lung from, 461 
in pneumonia, 454 
pheumococcus in, 298 
purulent, 414 
Pleurogenic fibrosis of lung, 463 
Plumbism, 448, 502 
(see Lead-poisoning) 
Pneumatogenous pulmonary tuberculosis, 
346 
Pneumobacillus, 296 
Pneumococcus, 297 
Pneumoconiosis, 469 
Pneumomycosis, 322 
Pneumonia, acute croupous, 451, 460 
bacteriology of, 296 
blood in, 204 
chronic, 456 
hypostatice, 460 
lobular or catarrhal, 456 
- interstitial, 414, 460 
syphilitic, 460 
white, 460 
Poisons, effect of, on nervous system, 500, 
524 
selective action of, 501 
Polioencephalitis, 522 
Poliomyelitis, 525 
Polycythemia, 415 
Polymorphonuclear neutrophiles, 417 
Polyneuritis, 507 
causes of, 502 
Polypus, mucous, 127 
nasal, 99, 101 
rectal, 127 
uterine, 94, 127 
Polyuria, 70 
Porencephalia, 24, 528 
Port-wine stains, 96 
Post-mortem changes, 35, 48 
congestion, 193 
decomposition, 37 
discoloration, 36 
rise of temperature, 226 
staining, 36 
Pott’s disease, 524, 545 
Predisposing causes of disease, 19, 176 
Predisposition, 270 
Pregnancy, blood in, 204 
pigmentation in, 79 
Pressure-atrophy, 40, 42 
removal of, 188 : 
Primary lateral sclerosis, 554 
progressive myopathies, 557 
Privation as cause of disease, 20 
Proglottides, 285 
Progressive muscular atrophy, 555 
Prostate, adenoma of, 126 
amyloid bodies in, 72 
hypertrophy of, 151 
Protagon, 511 
Proteus, 272 
Protozoa, parasitic, 90, 248 
Psammoma, 100, 529 
Pseudodiphtheria, 307 
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Pseudohypertrophic muscular paralysis, 
21, 148, 557 
Pseudoleukemia, 424 
Pseudotuberculosis, 334 
Psychomotor functional paralysis, 503 
Psychoses, 494, 508 
Ptomaines, 275 
Pupil, Argyl-Robertson, 501, 553 
Purpura, 424 
Purulent catarrh, 396 
infiltration of lung, 454 
inflammation, 412 
pleurisy, 414 
Pus, 164 
tubercle-bacillus in, 278 
Pustule, 266 
malignant, 301 
Putrefaction, 33, 36 
Putrefactive organisms, 264, 267, 274 
Pyemia, 293, 826 
portal, 827 
Pyelitis, suppurative, 493 
Pyelonephritis, 493 
Pylephlebitis, 827 
Pylorus, carcinoma of, 409 
Pyonephrosis, 493 
Pyosalpinx, 296 
Pyosis, 291 (see Suppuration) 
Pyrexia (see Fever). 


UARTAN fever, 249 
Quinine, action of, 172, 816 
Quotidian fever, 249 


ABIES, 287, 501 
Ranula, 147 
Reaction to injury, 152 
Recovery, natural power of, 20 
partial and entire, 22 
Rectum, atrophy of, after colotomy, 41 
carcinoma of, 88 
polypus of, 127 
prolapse of, 242 
Rectus abdominis muscle, fatty, 56 
Zenker’s degeneration of, 62 
Red blood-corpuscle, 415 
Referred pains, 504 
Reflex action, 512 
effects of parasites, 243 
hyperemia, 189 
inflammation, 177 
irritation, 504 
spinal tonus, 514 
superficial, 514 
Refractoriness, 286 
Regeneration (see Repair). 
of capillaries, 181 
Relapsing fever, 313 
Remittent fever, 224 
Renal calculus, 22, 491, 498 
dropsy, 198 3 
epithelium, repair of, 182 
Repair, 180-185 
Resistance of individuals, 20 
of tissues, 19, 20, 30, 178 
Resolution of bronchopneumonia, 460 
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Resolution of lobar pneumonia, 456 
Respiration in fever, 225 
Respiratory passages, actinomycosis of, 882 
Resting-spores, 320 
Retardation of blood-stream, 154, 169, 202 
Retention-cysts, 144, 146 
Retinitis pigmentosa, 21 
Rhabdomyoma, 93 
Rheumatic inflammation, 177 
myocarditis, 155 
poison, 500 
Rheumatism, blood in, 204 
endocarditis in, 438 
myocarditis in, 489 
Rhinoscleroma, 380 
Rib, rickety, 391 
Ricin, immunity to, 290 
Rickets, 390 
Rider’s bone, 106 
Rigor, 228 
mortis, 36 
Rodent ulcer, 140 
Rosette-bodies in malaria, 250 


Nie ec cerevisiae, 255, 275 
Saccharomycetes, 318 
Sago-spleen, 70 
Salivary glands, wasting of, 42 
Sapreemia, 825 
Sarcina flava, 277 

pulmonum, 299 
urine, 299, 800 
ventriculi, 299 

Sarcine, 299 

Sarcoma, 107 
alveolar, 112 
angio-, 118 
calcifying, 110, 116 
clinical characters of, 110 
dissemination of, 110 
lympho-, 112 
malignancy of, 111 
melanotic, 114 
mode of growth of, 110 
myeloid, 117 
of nervous system, 529 
ossifying, 108, 116 
osteo-, 115 
perithelial, 118 
physical characters of, 108 
round-celled, 111 
seats of, 110 
secondary changes in, 109 
spindle-celled, 118 
structure of, 107 
varieties of, 109 

Scab, healing under, 161 
Scald, result of, 899 
Scar, pigmented, 78 

-tissue, 167 
Scarlatina, heart in, 224, 401 
meningitis in, 528 
nephritis in, 482 
Scirrho-encephaloid, 134 
Scirrhus, 134 
atrophic, 136 


Scirrhus, physical characters of, 186 
seats of, 136 
Schizomycetes, 255 
Selerosis, 151, 509, 524 
combined, 554 
disseminated cerebrospinal, 531 
of bone, 3889 
of spinal cord, 40 
primary lateral, 554 
Scolex, 236, 238 
Scrofula, 367 
Serofuloderma, 339, 366 
Scrofulous joint, 338 
Scurvy, 424 
Sebaceous glands, adenoma of, 127 
Section cutting, 562 
Senile changes, 39, 60, 73, 175 
Sensation, disturbance of, 514 
Separation of slough, 33 
Septa of heart, defective, 429 
Septic infection, 825 
intoxication, 825 
poisoning, 227 


Septiceemia, 326 


of mice, 261 
Sequestrum, 363, 389 
Serous catarrh, 396 
membranes, diseases of, 410 
Serum, antidiphtheritic, 289 
antimicrobic, 289 
antiplague, 310 
effect of normal, 290 
therapeutics, 289 
Sewer-gas, effect of, 309 
Sex, as cause of disease, 20 
Siderosis, 471 
Silicosis, 471 
Silkworm-disease, 19 
Silver nitrate, action of, 176 
pigmentation by, 80 
Skin, bacteria on, 265 
glanders of, 378 
-grafting, 185 
passage of bacteria into, 284 
tuberculosis of, 366 
Sleeping-sickness, 247, 502 
Slough, nature of, 33 
separation of, 33 
Small-pox, 62 
pustule, 163 
Smegma-bacillus, 283 
Sodium biurate in gout, 386 
quadriurate, 386 
Soft-sores, 121 
Softening, cerebral, 587 
gray, 524 
of thrombi, 207 
of tuberculous masses, 838 
red, 522 
Soleus muscle in typhoid fever, 63 
Spermatic influence, 89 
Spermatozoén infected with disease, 19 
Sphacelus, 33 
Spina bifida, 23 
Spinal canal, malformation of, 23 
cord, degeneration of, 507 
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Spinal cord, functions of, 516 
symptoms of disease of, 516 
Spine, caries of, 838 
Spirilla, pathogenic, 313 
Spirillum cholers, 318 
toxines of, 268, 275, 276 
definition of, 258, 284 
Spirobacterium, 258 
Spirocheta, 258 
Obermeieri, 313 
Spleen, amyloid, 70 
in typhoid fever, 405 
removal of, 150 
sago-, 70 
Splenic anemia, 424 
Spongioplasm, 494 
Sporangiophore, 320 
Sporangium, 321 
Spore-formation, 259 
Sputum of bronchitis, 279 
pneumonie, 297 
tubercle-bacillus in, 278, 329 
Stab-cultures, 281 
Staining, 564 
methods of, 278 
post-mortem, 36 
Staphylococcus, definition of, 258 
pyogenes albus, 291 
aureus, 291 
Stasis, 154 
Stenosis, valvular, 437 
Sterigmata, 321 
Sterilization, 263, 280 
Stomach, amyloid disease of, 71 
catarrh of, 398 
dilated, 398 
tumors of, 409 
Strain, effects of, 448 
Strangulation of gut, 21, 30 
Streptococcus, definition of, 258 
erysipelatis, 274, 295 
pyogenes, 291-294 
Streptothrix, 284 
Stricture of ducts, 21, 400 
of urethra, 21, 400 
Strobilus, 233 
Strongylus vasorum, 334 
Strumous nodule and abscess, 338 
Stump, conical from gangrene, 33 
neuromata in, 95 
Sulphuretted hydrogen, staining due to, 
80 
Suppuration, 163, 178 
amyloid change due to, 65 
atrophy from, 43 
bacteria of, 291 
chronic, 167 
diffuse, 165, 327 
etiology of, 178 
Susceptibility, 287 
Sweat-glands, adenoma of, 127 
Sweats, critical, 223 
Swelling, cloudy (see Cloudy swelling). 
Sympathetic, irritation of, 79 
Synostosis, premature, 43 
Synovial membrane, thickening of, 167 
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Synovial membrane, tuberculosis of, 364 
Synovitis tuberosa, 364 
Syphilis, 370 
acquired in utero, 19 
after-effects of, 21 
amyloid change in, 65 
as cause of general paralysis, 557 
congenital, 875, 3877, 385, 460 
contrasted with tuberculosis, 375 
endarteritis from, 536 
etiology of, 376 
perihepatitis in, 472 
primary lesion of, 371 
secondary lesion of, 371 
tertiary lesion of, 371 
Syphilitic disease of arteries, 375 
of central nervous system, 534 
of liver, 877 
pneumonia, 460 
poison, 501 
tumors, 872, 528 
Syphilococcus, 376 
Syphilomata, 372, 534 
Syringomyelia, 531 
Syringomyelocele, 24 


ABES dorsalis (see Locomotor ataxy). 
Tvenia canina, 236 
Tzenia echinococcus, 237 
nana, 236 
saginata, 236 
solium, 236 
Tapeworms, 233-237 
Tar causing epithelioma, 89 
Tattooing, 80 
Temperature of body, 222 
rise of, post-mortem, 226 
Tendency to disease, 18 
Tendon-reflex, 512 
Tendons, sloughing of, 29 
Teratomata, 148 
Terminations of disease, 22 
Tertian fever, 249 
Testis, atrophy of, 40 
Tetanus, 311, 501 (see Bacillus tetani) 
post-mortem rise of temperature in, 226 
serum-treatment of, 289 
Tetrads, 258 
Thallophytes, 255 
Thermo-anesthesia, 515 
Thermogenesis, 226 
Thermotaxis, 227 
Thiothrix, 284 
Thorax, rickety, 394 
Threadworms, 240 
Thrombosis, 200 
causes of, 200 
cerebral, 537 
damage from, 51 
of heart, 440 
results of, 210 
Thrombus, arterial, 383, 205 
calcification of, 74 
canalization of, 208 
changes in, 206 
characters of, 205 
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Thrombus, definition of, 200 Tuberculosis, 328 
fibrinous, 206 acquired in utero, 321 
hyaline, 206 acute general, 340 — : 
leucocytic, 206 bacillus of (see Bacillus tuberculosis). 
obstructive, 205 etiology of, 342, 356 
organization of, 208 hereditary disposition to, 19, 342 
parietal, 205 in children, 382 
production of emboli by, 211 local, 382 
secondary, 213 modes of infection with, 344 
softening of, 206 of alimentary tract, 360 
Thrush, 318 of bones, 862 
Thymus, atrophy of, 41 of cartilage, 364 
Thyroid, adenoma of, 126 of intestine, 360 
colloid degeneration of, 61 of joints, 362 
hypertrophy of, 126 of larynx, 343 
-secretion, deficiency of, 499 of lungs (see T. pulmonary). 
Tinea circinata, 323 of lymphatic glands, 359 
kerion, 328 of pia mater and brain, 356 
sycosis, 823 of skin, 866 
tonsurans, 322 of trachea, 343 
unguium, 824 origin of infection in, 329, 330 
versicolor, 324 pulmonary, 544 
Tissues, bacteria in, 265-267 fatty kidney in, 60 
repair of, 180-185 wasting in, 42 
resistance of, 19, 20, 30 ’ spread of, 339 
staining of, 279 Tumor albus, 365 
transplantation of, 185 Tumors, 81 
Tissue-tension, 148, 151, 180 absence of function of, 84 
Tobacco, action of, 189 adenoid, 123 
Toes, supernumerary, 23, 27 calcification of, 75 
Tongue, epithelioma of, 134 cerebral, 528 
in fever, 225 symptoms of, 5380 
lymphangioma of, 98 characteristics of, 81 
wounds of, 182 circumscribed, 82 
Torule, 318 classification of, 92 
Toxines causing amyloid change, 65 clinical course of, 86 
fatty change, 49 cystic, 148 
necrosis, 30 effects of, 85 
extra- and intra-cellular, 275 etiology of, 86 
nature of, 276, 277 glandular, 123 
Trance, 497 infection in, 84 
Transplantation of tissue, 185 hereditary nature of, 20, 21, 87 
Transposition of viscera, 238 homologous and heterologous, 82 
Trematoda, 247 independent growth of, 81 
Trichina spiralis, 248 infiltration by, 85 
Trichinosis, 244 innocent and malignant, 86 
Trichophyton tonsurans, varieties of, 322 mixed, 105 
Trophic influence, 41, 517, 581, 550 nature of secondary growths, 86 
Trophoneuroses, 41 of intestine, 410 
Tropical abscess of liver, 472 | of spinal cord, 20 
Tube-cultures, 281 | of stomach, 409 
Tubercle-bacillus (see Bacillus tubercu-| parotid, 126 
losis). recurrence and generalization of, 84 
Tubercles, 332, 835 renal, 88 
cells in, 336 retrogressive changes in, 838 
conglomerate, 336 structure of, 81 
miliary, 835 theories of, 87-91 
mucous, 371 villous, 120 
secondary changes in, 3386 | Turpentine, action of, 481 
Tubercular disease (see Tuberculosis). Tympanites, 414 
foci, calcification of, 78, 75, 337 Typewriter’s cramp, 503 
meningitis, 356 Typhoid fever, 401 
osteomyelitis, 363 bacillus of (see Bacillus typhosus). 
periostitis, 363 compheations of, 401 
‘*tumors’? in brain, 580 diagnosis of, 305 
Tuberculin, 289 immunity to, 304 
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Typhoid fever, liver abscess from, 472 
myelitis i in, §23 
nephritis i in, 482 
repair of muscle in, 182 
ulcers in, 403 
Zenker’s ’ degeneration i in, 62, 402 
Typhus fever, 299 
Tyrosin, 477 
Tyrothrix, 263 


LCOER, annular, 362 
atheromatous, 445 
Uleer, follicular, 396 
gastric, 400 
perforating, 549 
rodent, 140 
varicose, 30 
Ulceration, 166 
dysenteric, 407 
of bronchi, 354 
of intestine, 401 
of vermiform appendix, 406 
typhoid, 403 
and tubercular, 361, 405 
secondary, 405 
Ulcers as origin of epithelioma, 88, 90 
effects of hyperemia round, 190 


Umbilical cord, developmental defects in, 


25 
obliteration of vessels in, 41 

Umbilication of new growths, 51 
Unicellular organism, disease in, 19 
Urachus, persistent, 25 
Uremia, 500 
Urea in fever, 225 

in parenchy matous nephritis, 
Urethra, stricture of, 21 
Urethral caruncle, 96 

eatarrh, 398, 400 

obstruction, 481 
Urinary caleuli, 491 
Urine, bloody, from Bilharzia, 247 

casts in, 485 

diabetic, torule in, 318 

fermentation of, 291 

in amyloid kidney, 70 

in fever, 225 

obstruction to flow of, 123 

tubercle-bacillus in, 278, 330 
Urobilin, 79, 225 
Uterus, fibroid of, 93, 99 

hydatid of, 101 

hypertrophy of, 148 

involution of, 48 

myoma of, 94 

polypus of, 94 

pressure of gravid, 191 

subinvoluted, 151 


482 


Veet teres against cholera, 882 
typhoid fever B05 

Vaccinia, 300 

Valve, mitral, disease of, 433 
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Valves of heart, endocarditis of, 434 
malformation of, 429 
Van Gieson’s stain, 565 
Varicose ulcer, 30” 
veins (see Veins). 
Variola acquired in utero, 19 
micrococci in, 299 
Varix, 203 
Vasomotor nerves, inhibition of, 189 
irritation of, 188, 189 
Vegetable parasites, 254 
Veins, congestion of, 191 
inflammation of, 449 
result of obstruction of, 29 
varicose, 450 
pigmentation from, 76 
thrombosis of, 204 
ulcers from, 30 
Vertebre, caries of, 168 
Vesical caleulus, 493 
Vessels, formation of new, 97 
Vibrio choleree (see Spirillum cholere). 
definition of, 258 
Villous tumors, 120, 121 
Violinist’s cramp, 503 
Vital energy, excessive, 151 
exhaustion of, 41 
Vomica, 414, 338 (see Cavities) 


ALLERIAN degeneration, 505 
Warts, 99, 120 
Warts, melanotic, 120 
varieties of, 121 
Waste, diminished, 151 
Waxy degeneration (see Amyloid degen- 


eration ). 
Webbed fingers and toes, 27 
Wens, 99 
White blood-corpuscles, 416 
lee, 210, 211 


Whitlows, necrosis of tendons in, 29 
Whooping-cough, 299 
Widal’s reaction, 305, 428 
‘Wolffian body, atrophy of, 41 
Women, special diseases of, 20 
W oolsorter’s disease, 302 
Word-blindness, 519 
-deafness, 519 
Work, effects of increased, 49 
Worms, parasitic, 233 
Wounds, diphtheria of, 399 
healing of, 157 
Writer’s cramp, 503 


 iaiersr lat 255 
Yeasts, 318 


ENKER’S degeneration, 62 
fluid, 562 
Zichl-Neelsen stain, 279 
Zine chloride, action of, 176 
Zoog lea, definition of, 256 
Zy gospore, 321 
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